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ABSTRACT 
The gradual expansIon and development of new public and private medical 
complexes have resulted in the production of various types of wastes which include 
hazardous materials. Such wastes require appropriate handling and management schemes 
based on safer disposal methods There are no reliable figures for quantifying the amount 
of medical waste generated or appropriate legislation and guidelines for handling, storage, 
transport and disposal of medical waste in the United Arab Emirates. No previous detailed 
studies have been conducted for the management of medical waste in the U.AE. In 
general there is insufficient awareness of the health hazard associated with improper 
handling and disposal of such wastes. 
This study has been conducted to analyze the present status of hospital waste 
management in the U.A.E and subsequently recommend a policy regarding, generation, 
collection, handling, storage, transport, treatment, and disposal . This was done, through 
field investigations of sixty health care facilities; where all steps of waste management are 
surveyed The generation rate of solid wastes for the hospitals ranged between 0 .0 1 and 
2 7 kg/bed/day, and for health centers and clinics were between 0.03 and 0 1 8  kg/pat/day. 
The correlation among various effective factors related to waste management, such as 
number of beds, number of patients, and hospital personnel were also determined. 
The study also evaluated the performance of the treatment methods used in the 
U AE for the disposal of clinical waste. It showed that incineration is the only treatment 
method available for the destruction of clinical waste. Performance evaluation of 
incineration was conducted through an analysis of the end products of the process ( i .e .  
bottom residues) for detection of heavy metals .  The study examined the relationship 
between various metals within the facility, and variation across facilities for the same 
11 
metal The major metals which have been detected in ash analysis ranged between 2 04% 
and 3 41 % of the total ashes and included aluminum, cadmium, chromium, copper, iron, 
lead and zinc. E posure to such elements could create health problems. Moreover, long­
term l iability for disposal of ash by I and filling may contribute to groundwater 
contamination through metal leaching. The effect of segregation system, operating rate, 
and the de-ashing mechanisms are discussed. Recommendations of the safe handling and 
disposal of incinerator ash are included in this study. 
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1.1 General 
C HAPTER I 
INTRODUCTION 
The United Arab Emirates has undergone considerable development in the last 
twenty years. The population has almost doubled to reach 2,011,400 in the year 1992. 
Considerable number of health care facilities, either public or private, have been 
established in urban and rural areas. There are 44 hospitals functioning in the UA.E, 
of which 29 are owned by the Federal Ministry of Health, 4 hospitals by the local 
government in Dubai and 11 by the private sector. The total number of beds in the 
federal and local hospitals has reached 5857, in which 4314 belong to the Federal 
Ministry of Health and 1543 beds belong to the local government in Dubai. A network 
of more than 700 health facilities comprising pediatric health care centers, health care 
units, dental units and school health care units have been established. Furthermore, 
about 800 private health facilities divided between diagnostic clinics, laboratories and 
hospitals are functioning in the U.A.E (Al-Numairy, 1994). In addition to all of those; 
are the research and educational laboratories in the UA.E institutions. 
This tremendous increase in public and private health complexes, commercial 
areas, and industries has resulted in the generation of various types of solid waste such 
as: 
• Municipal waste. 
• Industrial hazardous and non- hazardous waste. 
• Agricultural waste. 
• Hazardous waste arising from health care facilities. 
The term " waste" has a wide meaning, and it is not possible simply to list what 
is, or is not waste, as this can only be determined on the facts of each case. Waste can 
not be simply divided into the safe and the hazardous. However, there are safe ways of 
2. 
dealing with any waste. On the other hand any waste can be hazardous to human if it 
is wrongly managed' as stated by the u. K .  Dept. of the Environment (DOE) in a 
recent report (1991 d). 
The problem of medical waste must be viewed as one part of the current crisis 
in the waste management, and should be reviewed as a subset of the larger problem of 
waste control and disposal. If we are to establish effective management methods and 
appropriate levels of protection for human health and the environment; medical waste 
must be included within a broad frame of reference with other wastes such as 
municipal and industrial hazardous and non hazardous wastes. The relative risks 
presented by each type of waste must be considered in _determining appropriate 
management methods (Macknight, 1993). While hospital wastes may consist of 
various kinds of waste; the main part will be like household waste; a, smaller portion 
will, however, be what we classifY as hazardous waste. Although household waste may 
sometimes contain hazardous substance, the problem with hospital waste, according to 
the u.K .  DOE (1991 d); is that it includes hazardous substances in significant 
quantities Hospital waste contains potentially infectious elements, small quantities of 
toxic chemicals and small low-level radioactive waste. Typically this portion (i. e. 
hazardous hospital waste), as illustrated by most literature, is about (10-15%) of the 
total waste generated in hospitals. This portion has all the characteristics of hazardous 
material, contains infectious agents in significant quantities, toxic chemicals, flammable 
substance and radioactive materials, which in fact, requires precaution in its storage, 
collection, transportation, treatment or disposal to prevent damage to persons or 
property ( Henry and Heinke, 1989). 
In this study the term " hospital " is used for convenience; although most waste 
quantities generated are from hospitals, but it should be taken to refer to all premises, 
both public and private health facility sector, where provision is made for patient care 
and treatment. 
There is global concern today over the improper disposal of medical waste, due 
to the fear from waste contaminated with disease agents, such as AIDS and hepatitis B 
3. 
virus ( Doyle et aI., 1985). Simply stated, the problem is that there is a growing 
amount of hazardous hospital waste and a declining number of facilities for disposal. 
The quantity of waste from health care has increased significantly in the past decade. 
Medical services which start from patient care, diagnosis, treatment and immunization, 
using more disposable products will in tum, create a huge amount of unwanted 
materials, instruments and disposable items. Those discarded materials include 
biological products and contaminated non-biological materials. An estimated number 
of hospital waste generated by 22 public hospitals in the UAE is about 7 ton/day, i.e. 
2555 tones/year (Al-Numairy, 1994). The actual figure is not known precisely, and no 
data is available regarding quantities of waste generated by private hospitals. 
Another problem arising from hospital waste is the non-regulated infectious 
waste generated from patient care at homes� persons with communicable and epidemic 
disease, which dispose their hazardous waste with the municipal solid waste stream. 
So the problem of hospital waste is a part of a main problem for which regulations 
have not been established that is "management of hazardous waste". 
In the UAE appropriate legislation and guidelines for handling, storage, 
transport, treatment and disposal of hazardous waste is not well identified, and in some 
cases is seldom found. However, it is left to the individual hospital or health care 
administration to set-up or apply the guidelines suitable for the hospital. Unfortunately 
such guidelines, if they exist, are often not strictly enforced. Despite the efforts of the 
local municipalities and the ministry of health to manage both solid and liquid wastes, 
still the management of hazardous waste, not well established. A number of 
deficiencies require that more attention should be given to this subject. In many cases, 
hazardous materials arising from health care facilities find their way by improper 
segregation into the general waste stream. Currently the legal position of this portion 
of hospital waste, regarding the collection and disposal method is somewhat un­
certain and responsibilities are not defined. 
There are fewer waste disposal options exist ill the UAE. The current 
practices used are� either burning the waste, using on-site or off-site incineration, or 
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join with the municipal solid waste stream; where it can be burned in open areas or in 
municipality incinerators, or buried in landfills. However, those traditional methods for 
disposal are no longer considered environmentally acceptable. Some hospitals are 
sharing in one incinerator for their infectious waste disposal, which offer risk for the 
hauler and general public in case of traffic accidents. 
Although no noticeable harm has been reported so far, as a result of handling 
hospital wastes neither to community members nor to the environment. This should 
not imply that harm does not exist, but it is due to the lack of information and studies 
on the subject. Though, one could here state, that an extra attention should be given to 
this problem. So far an environmental dimension has not yet been incorporated into 
the conceptual awareness not the attitudinal position of hospital authorities. It is hoped 
that this study and other advanced investigations in the same field will help in starting 
up common guidelines for hospital waste management. 
In the management of hospital wastes, there are three aspects of concern that 
should be addressed before formulating management schemes such as: 
• The health of personnel and patients in health care establishments. 
• The risk to public health arising from the improper disposal of waste. 
• Environmental and economic implications. 
The management plan should incorporate a cradle-to-grave approach to 
hazardous waste. This includes the adoption of standard operating procedures to 
address the following ( Meaney and Pual. , 1989): 
• The generation of waste 
• Segregation of waste 
• Containerization and storage of waste 
• Waste handling and transportation 
• Waste disposal 
• Contingency planning 
In addition, the management plan must outline the required training for staff 
dealing with medical waste, which includes methods to reduce the total output of 
5. 
waste i. e. recycle or reuse of medical material when feasible) and should solve every 
day problem associated with the handling and treatment of waste. Failure in the 
management will lead to a number of incidents involving waste disposal operatives and 
a member of the public being exposed to these wastes. 
1.2 Objectives of the Study 
This study was conducted in order to: 
1 - Review the literature regarding management of hospital waste. 
2- Assess current and future trends in health care waste management, so as to 
develop an effective and uniform waste disposal strategy applicable to the UA.E. 
Current trends are discussed under the following headings :­
-quantities: record keeping, definitions and disposal items; 
-waste management system and practices includes: segregation, 
handling, storage, and transport; 
-risks: real and perceived, human and environmental; and 
-evaluate existing treatment method. 
3- Suggest guidelines on the proper management. Such guidelines will assist 
planers in developing proper and comprehensive waste management schemes. 
1.3 Scope of the Study 
The study included major public and private hospitals all over the country. It 
was conducted by questionnaires, site visits, and field analyses of many hospitals. 
2.1 General 
C HAPT E R  II 
LI T E RA TURE REVIEW 
6 
Solid wastes are all the waste arising from human and animal activities that are 
nonnally solid and that are discarded as useless or unwanted. Wastes can be classified 
according to its source and its physical and chemical properties. There are three 
general categories of waste: i) Municipal Wastes ii) Industrial Wastes, and iii) 
Agricultural Wastes. Under each of these categories, there are various subheadings 
and classification of rnaterials comprising such types of waste (Peavy et al. , 1985). The 
wastes may contain some hazardous materials and could be classified as hazardous 
wastes. An abbreviated definition of hazardous waste evolved by the United States 
Environmental Protection Agency (USEPA); cited by Henry and Heinke (1989), reads 
as follows . 
The tenn hazardous wastes means, a solid waste or combination of solid 
wastes which because of its quantities, concentration, or physical, chemical and 
infectious characteristics may: 
-cause, or significantly contribute to an increase in mortality or an increase in 
serious irreversible, or incapacitation reversible illness, or 
-pose a substantial present or potential hazard to human health or the 
environment when improperly treated, stored, transported, or disposed of, or 
otherwise managed. 
In fact, the U. S. Resource Conservation and Recovery Act (RCRA) under 
subtitle C (1976), as quoted by Henry and Heinke (1989); has included not just solids, 
but liquids, semiliquids and contained gaseous material. This broad definition enables 
hazardous liquid wastes to be covered by the solid wastes legislation and to be 
examined as potential hazards. It includes all materials which have the characteristics 
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of ignitability, corrosivity reactivity, toxicity or infectivity (Henry and Heinke, 1989). 
Hence, an important part of hazardous wastes is the biomedical wastes or wastes 
arising form health care establishments, which will be discussed and examined in detail 
in this study. Biomedical waste represents only a small proportion (typically 10 to 
15%) of the total volume of waste generated by health care facilities (Keene, 1989). 
Such waste requires proper handling and disposal because of environmental, aesthetic, 
and occupational concerns, as well as risks to human health. 
2.2  Definiti on 
In order to develop a meaningful, workable regulatory framework, and waste 
management system, various definitions in relation to the subject should be stated. 
However, "medical wastes," "hospital wastes," and "infectious wastes," are 
synonymous terms often used (Rutala and Weber, 1991), but definitions may differ. 
Some of those definitions that may be meaningful for this study are reproduced below: 
Health Care: the medical activities such as diagnosis, treatment, prevention of 
disease or alleviation of handicap in human or animals, including climc related 
research, perfonned under the supervision of a medical practitioner or veterinary 
surgeon. 
Health care waste: the solid or liquid waste arising from health care which 
includes: 
* Biological ( recognizable anatornlcal waste ) 
* Infectious 
* Chernlca� toxic or phannaceutical including cytotoxins . 
* Sharps ( e.g. needles, scalpels, broken glass ware, etc. ) 
Infectious waste: is any health care waste known or clinically assessed to be at 
risk of being contaminated with any of the biological agents. 
The previous definitions are as illustrated by the COmmlssion of the European 
Cornmumties (1993) Act (CEC). However, there are several definitions proposed by 
the World Health Organization; WHO (1992); as quoted by Coad (1994); to 
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differentiate between hospital medical, clinical and infections waste, which are always 
confused. 
-HospItal waste: means all wastes coming out of hospitals in which around 
85% are actually non-hazardous wastes, around 10% are infectious wastes and around 
5 % are non-infectious but hazardous wastes. 
-Medical waste, means any wastes which are generated in the diagnosis, 
treatment, or immunization of human beings or animals, in research pertaining thereto, 
or in the production or testing of biological subjects. 
-Climcal waste; means any wastes corning out of medical care provided in 
hospitals or other medical care establishments. In fact this definitions neglects medical 
wastes resulting from medical care in the home. 
-Pathologzcal waste; includes human tissues, organ, and body parts and body 
fluids that are removed during surgery or autopsy or other medical procedures, and 
specimens of body fluids and their containers (they are part of infectious wastes as well 
as three kind of wastes listed above). 
- Infect70Zls waste; includes all kind of wastes which may transmit viral, 
bacterial, or parasitic diseases to human beings. In addition to infectious medical 
wastes, it includes infectious animal wastes from laboratories, slaughter-houses, 
veterinary practices and so on. 
The term hazardous medical waste will be used to describe waste that can be 
defined as hospital, medical, clinical and that are infectious, or hazardous in other 
ways Further, definitions of contaminated and non-contaminated waste based on point 
of origin according to Center of Disease Control (CDC); as quoted by Qusus (1988), 
are as follows: 
Non-Contaminated wastes are those materials resulting from non-medical 
activities not directly or physically related to patient care, such as material generated 
through ware housing, processing and preparation of new sterile materials and 
supplies. 
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Contaminated waste are all solid wastes generated from the use of clean 
materials generated and used in connection with patient care through clinical services, 
medical support services and certain non-medical clinical services (including food 
services, soiled linen, etc.) Biological and infectious wastes generated as a result of 
patient treatment, operating and autopsy procedures, and laboratory research activities 
also fall within this classification, radioactive, explosive, and toxic materials are within 
this category. 
Although hospitals are considered to be the pnmary generators of medical 
waste and the focus of most regulations, they are only part of the health care facilities 
that generate medical wastes. Sources of medical wastes will be discussed in the 
following section. 
2.3 Waste Categories and their Sources 
Hospital waste is very heterogeneous in nature and similar in many respects to 
municipal solid waste. Hospital waste is unique in that it also contains some potentially 
infectious elements. A sample of hospital waste can contain paper, plastics, food 
wastes, pathological wastes, animal carcasses, blood-soaked bandages, intravenous 
bags and many other types of materials; so hospital wastes are highly variable in 
content (Cross, 1990a). Hospital wastes usually contain about 20 percent plastics 
(Doyle et aI., 1985) with 28 percent being reported by some other studies (peters, 
1991). In comparison, municipal solid waste (MSW) usually contains about 3 .7 
percent plastics (Doyle et al., 1985). Most hospital wastes fall into the general waste 
category. However, there are hazardous constituents in hospital wastes that deserve 
special attention, and need to be handled and disposed of in a responsible manner (Lee 
et a!., 1991). According to the WHO report (1985), health care waste can be classified 
into eight main categories: 
-General waste; includes domestic-type waste, packing materials, non­
infectious animal bedding, wastewater from laundries and other substances that do not 
pose a special handling problem or hazard to human health or the environment. 
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-Patholofjlcal waste consists of tissues, organ body parts, human fetuses and 
animal carcasses and most blood and body fluids. 
-Radioactive wa te; includes solid, liquid and gaseous waste contaminated with 
radionuclides generated from in vitro analysis of body tissues and fluid, in vivo body 
organ imaging tumor localization and therapeutic procedures. 
-Chemical waste,' comprises discarded solid, liquid and gaseous chemicals, for 
example form diagnostic and experimental work cleaning, house keeping and 
disinfecting procedures. Chemical waste may be hazardous or non-hazardous. 
Hazardous chemicals are considered to be: 
- Toxic; 
- Corrosive (Acid of pH <2.0 and bases of pH >12.0 ); 
- Reactive (explosive, water reactive, shock sensitive); and 
-Genotoxic (carcinogenic, teratogenic, mutagenic, or otherwise capable of 
altering genetic material); for example cytotoxic drugs. 
on-hazardous chemical waste consists of chemicals other then those 
described above, such as sugars, amino acids, and certain organic and inorganic salts. 
-Infectious waste,' contains pathogens in sufficient concentration or quantity 
that exposure to it could result in disease. This category includes cultures and stocks 
of infectious agents from laboratory work, wastes from surgery and autopsies or 
patients with infectious diseases, wastes from infected patients in isolation wards, 
wastes that had been in contact with infected patients undergoing hemodialysis (e.g. 
dialysis equipment such as tubing and filters, disposable towels, gowns, aprons, gloves 
and laboratory coats), and wastes that had been in contact with animals inoculated 
with an infectious agent or suffering from an infectious disease. 
-Sharps; include needles, syringes, scalpels, saws, blades, broken glass, nails, 
and any other items that could cause a cut or puncture. 
-Pharmaceutical waste; includes pharmaceutical products, drugs and chemicals 
that have been returned from ward, have been spilled, outdated, contaminated, or are 
to be discarded because they are no longer required. 
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-Pressurized containers, include those used for demonstration or instructional 
purposes containing innocuous or inert gas, and aerosols cans that may explode if 
incinerated or accidentally punctured. 
Those categories of the hazardous hospital waste are intended to form the 
foundation of local risk assessments. The U.K. Health and Safety Commission (HSC) 
on its report (1992), has addressed those categories into groups to have the 
appropriate and suitable control measures for each groups. as follows 
Group A - includes pathological wastes 
Group B - includes discarded syringe needles and all contaminated sharps 
Group C - includes the infections parts of wastes 
Group D - certain pharmaceutical products and chemical wastes 
Group E- used disposable bed-pan liners, urine containers, incontinence pads 
and stoma bags 
All those types of waste can arise at a wide range of health care establishments 
, such as hospitals, clinics, long term health care premises and support services. Some 








Hospitals, clinics and health centers either public or private. 
Medical, dental and veterinary teaching establishments. 
Immunization and vaccination clinics 
Laboratories 
Medical research establishments 
Blood transfusion centers 
Dental surgeries 
• Veterinary surgeries and laboratories 
Categories of waste that may be produced by particular types of health care 
service are shown in Table (2.1), as summarized by the WHO (1985). 
Table (2.1) : Categories of Waste Produced by Various Types of Health Care Service 
Waste Categorv 
Source General Patho- Radio- Chemica l  I nfectious Sharps Pharma- Pressurized-
Patient services logica l active ceutical conta iners 
medica l  x x a  x x x x x 
surQ ical x x a,b x x x x x 
operating theater x x a b  x x x )( x 
recovery & intensive care x x a  x x x x x 
isolation ward x x a  x x x )( x 
dialysis unit x x a  x x x x 
oncoloQY unit x x a  x x x x 
emerQency x x a  x x x x x 
outpatient clinic x x a  x x x x 
autopsy room x x a  x x x 
radiology x x a  x x x 
Laboratories 
biochemistry x x a  x x x x 
microbioloQY x x a  x x x x 
hematology x x a  x x x x 
research x x a ,b x x x x x 
pathology x x a ,b x x x x 
nuclear medicine x x a  x x x x 
Support services 
blood bank x x a  x x x 
pharmacy x x x 
central sterile supply x x x 
laundry x x x 
kitchen x 
enQineerinQ x x x x 
administration x 
public areas x 
LonQ-term health care establ ishments x x x x x x 
a : blood and body flu ids 
b : tissue and bone - -
Source: WHO (1 985). 
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2.4 Quantification of Hospital Wastes 
13 
Medical waste has increased greatly during the past 20 years; because hospitals 
services depend more on disposable items. A key component in evaluating the effect of 
medical waste management program is the quantity of waste produced per patient. 
There are no reliable figures of the amount of hospital waste produced; not only in the 
U.A.E, but in many countries worldwide. Even in the U.S.A, the actual amount of 
medical waste generated is not well defined. Rutala and Weber., (1991), have stated in 
their report that; hospitalized patients generate about 15 lb of hospital waste per day. 
Approximately 6700 tons are generated by the U. S hospitals daily; constituting about 1 
% of the 158 million tons of municipal solid waste produced annually. The US 
hospitals generate at least 1000 tons of waste per day as infectious waste. Reliable 
data is not available on the amount of medical waste from the non-hospital health care 
sites (i.e. dentist office, laboratories, veterinarians. etc.). The U.S. Agency of Toxic 
Substances and Disease Registry (1990), as quoted by Rutalt and Weber (1991); has 
reported that, there are 2 million diabetics and 1.2 million intravenous drug abusers 
nation wide who use more than 1 billion insulin-type syringes annually, which are not 
regulated. Other study done by Rutala (1988); as quoted by Hall (1989), indicates that 
the generation rate of hospital waste in the U.S.A is in the range between 16 to 23 
Ib/bedJday. The United States Environmental Protection Agency (USEPA) (1989), has 
estimated that the generation rate is 13 about Ib/bedlday; as quoted by Hall (1989). 
The United States Congress report (1988), also depending on EP A data, estimates that 
about 3.2 million tons of medical wastes are generated yearly. This figure represents 
about 2% of the total municipal solid waste streams; as quoted by Uzych (1990). 
Recent data was collected in the U.S.A by the EPA (1990); as quoted by Coad 
(1994), on the quantities of waste produced by various health care facilities in the 
U.S.A as shown in Table (2.2). Tickell and Waston (1992), have stated that about 
200,000 to 400,000 tons of clinical wastes are collected yearly in Britain. The actual 
figure of the rate of generation of medical waste in the U.A.E is not known and no 
statistical information is yet available for the quantity of waste generated. 
14. 
Quantities of waste produced by some other countries are illustrated in Table 
(2.3), as quoted by Coad (1994). The medical establishments by medical district in the 
U A E emirates are shown in Table (2.4) with a total nl!mber of beds as in Table (2.5). 
The estimated amounts of clinical wastes generated from a number of the UA.E 
hospitals conducted by the Ministry of Health are shown in Table (2.6). The average 
daily waste generated from those hospitals with a total number of beds (4314) is 1.6 
kglbed Data collected by Dubai Municipality on the medical waste arising from 
private health sector in Dubai is shown in Table (2.7). 
Table (2.2) . Quantities of Medical Waste Produced in the USA (1990) 
Source Quantit ies (tons/y' 
Hos2itals 359000 
N u rsing homes 29600 
Physicians offices 26400 
Clinics 16700 
Laboratories 15400 
Dentist offices 7600 
Veterinarians 4600 
Funeral homes 3900 
Blood banks 2400 
Total 465600 
Source: (USEP A, 1990), as quoted by Coad (1994) 
Table (2.3) . Quantities of Medical Waste Produced by Various Countries 
Country Year of study Quantity of Waste (kg/bed/d) & 
Argentina 1 982 
Bahra in  .. 1 994 
Brazi l 1 978 
Chi le 1 973 
France 1 982 
Jordan ** 1 988 
Kingdom of Saudia Arabia .. 1 994 
Netherlands 1 982 
Norway *** 1 983 
Paraguay 1 989 
l Peru 1 987 I 
Spain *** 1 983 
I 
United Kingdom *** 1 983 
USA 1 983 
Venezuela 1 976 
Source: Coad (1994) 
& All waste produced are from the general types of hospitals 
* Quantity of wastes as reported in their country report in the 
UNEPIWHO workshop held in Sharjah (1994). 
* *  Qusus (1988). 
* * *  WHO (1985). 
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Table (2.4) : Medical Establishments by Medical District 
District Denta l  units H .C .U * S.H.C units ** P.H .C .  *** Hospitals 
Abu Dhabi 1 7  25 80 26 4 
Western 4 7 23 8 4 
Al Ain 7 1 5  67 1 4  5 
Duba i  1 0  1 0  69 8 2 
Sharjah 9 5 86 1 4  5 
Ajman 3 3 32 4 3 
Umm AI Quwain 2 3 1 6  3 1 
Ras AI Khaimah 7 5 45 1 6  3 
Fujai rh 3 4 22 4 2 
I Total 62 77 440 97 29 
* Health Care Units 
* * School Health Care 
* * *  Pediatric Health Care 
Source: Ministry of Health (1994) 
Table (2.5) : Beds by Medical District 
District Beds 
Abu Dhabi 1 405 
Western 200 
Al Ain 820 
Dubai 3 1 6  
Sharjah  592 
Ajman 1 4 1  
Umm A I  Quwain  1 44 
Ras AI Khaimah 400 
Fujairah  296 
Tota l  43 1 4  
Source: Ministry of Health (1994) 
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D istrict Hospital Dai ly waste(kg/day) 
AI Mafraq 200 
Abu Dhabi AI Jazira 400 
Corniche 1 50 
Rashid 1 000 
IAI Wasal 1 000 
Dubai Dubai  1 000 
AI Maktou m  1 000 
Kuwait 1 00 
AI  Qassim i  200 
Sarjah Kuwait 936 
Khorfakan 2 
Kalba 30 
Gimi  50 
Al Ain irawam 31 5 
Oasis 20 
Ajman iAiman 4 
IAI Zahra 50 
Ras AI Khaimah Saqar 1 85 
Sa if 1 0  
Umm AI Quwain Umm AI Q uwain 5 
Fujai rah  Fuja irah  5 
Gayath i  1 0  
Western 8eda Zaid 1 00 
Delma 20 
Sela 1 5  
Tota l  25 6807 
Source: AI Numairy (1 994) 
I "' h l <>  ( ") 1 \  . \I\/", ,,,t <>  ( ;: <> n <>r",t<>ri t r n rY"l  t h <>  �n\l"'t<> 1-I <> ", l t h  ( � "' r<> S <> M n r  I n  I )l I h ""  - - - - - ' - - - I ' - - - - - - - - . .  - . - - - - . .  _ . . . .. . _ . . . .  _ - - . .  _ - _ .. . - - . - - - - - - - _ . .  - - - - -
Faci l ity TYQe Number Waste Generated (ton/y) 
Cl in ics 203 1 9.28 
Hospitals 2 2.98 
Total 205 22.26 
Source: Dubai Mun icipa l ity ( 1 994) 
2.5 Occupa tional  Hazards and Health Risks 
1 8 . 
Occupational exposure to the waste stream is thought to present a moderate 
risk to waste workers or those who are in closest contact with the health care industry. 
Unlike toxic chemicals waste which may persist in the environment for extremely long 
periods, leach into the surrounding environment causing potential risk to the publ ic 
and the environment (Macknight, 1993). The health of all personnel working in or 
associated with health care establishments can be at high risk from the mismanagement 
of health care waste. This could arise through the inappropriate handling, storage, 
transportation, treatment, or disposal of medical waste. Protection from exposure to 
potentially infectious microbial agents in the waste stream appears to be largely the 
responsibility of the individual workers. This risk can be reduced if appropriate safety 
and personal hygiene practices are followed. 
Rutala (1985) and the USEPA (1986); as quoted by Turnberg (1991); had 
stated that disease transmission requires a source of infecting organisms, a susceptible 
host, a mode of transmission, and a portal of entry into the host. For a waste to be 
infectious, it must contain infectious agents with sufficient virulence and quantity, so 
that transmission to susceptible host could result in an infectious disease. 
There is a strong epidemiological evidence from Canada, Japan, and the USA; 
as cited by Coad (1994); that the main concern of infectious hospital waste is the 
transmission of blood-borne disease, particularly the transmission of AIDS and 
hepatitis B virus, through injuries caused by needle stick. AIDS or HIV virus has 
extremely limited viability outside a living host, although live virus survival time may 
depend upon the environment and virus concentration. Therefore, except for those 
persons within the health care setting, the potential to develop HIV infection from 
medical waste contact is remote in comparison with hepatitis B, in which the virus 
remains viable for extended time in the environment. The potential for HBV infectious 
following contact with medical waste is likely to be higher than that associated with 
HIV . The annual injury rates for these occupations in the U.S.A vary from 10 to 20 
per 1,000 workers according to the U. S. Agency of Toxic Substances and Disease 
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Registry ( TSDR), as quoted by Coad (1994). Another study conducted by the U S. 
ATSDR, on their report to the congress (1990), as quoted by Lichtveld et aI. , (1992); 
has identified needle injuries by activity. Of the total number of needle-stick injuries 
reported by them for each population, the following proportions were possibly 
attributable to medical waste; 4% for laboratory staff, 12.6% for registered nurses, 
32% for licensed practical nurses, and 90% for janitorial and laundry (house keeping) 
staff 
The major risks for particular groups of personnel according to the WHO 
report (1985); are as follows: 
-Personnel handling waste that contains blood-soaked objects from patients in 
dialysis units; 
-custodial personnel, maintenance staff and porters could be at risk for sharps 
in waste that contains syringes and needles, and laundries workers; 
-personnel involved in the final disposal or incineration of waste may be 
exposed to risk form pathological waste, as well as the handling of bottom ash and 
exposure to fly ash; 
-pharmacy personnel may be at risk for respiratory or dermal exposure to 
aerosols contaminated with pharmaceuticals or solvents; and 
-custodial personnel could be exposed to risk or any premises where leaks 
obstruction in drains result in the escape of gases or hazardous solvents that may be 
inhaled, exposure to H2S escaping from blocked sewers is a well known hazard. 
Here in the U.A.E incidence and disease may happen due to improper handling 
and disposing of medical waste, but lack of information makes statistical analysis 
impossible. There are no reliable epidemiological data in the country related to the 
health impact of hospital and medical waste. However, the relation between solid 
waste and disease transmission is not yet defined due to the complexities of solid waste 
composition, handling, storage, treatment and disposal . So there is a need for further 
studies and research in this area. 
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To minimize the occupational health risk associated with health care waste 
according to the Canadian Council of Ministers of the Environment "CCME" (1992), 
the employee training programs must emphasize the following : 
-Personal hygiene, especially washing hands; 
-the facility's procedures for the reduction, segregation, collection, packaging, 
color-coding, storage, and treatment before disposal; 
-methods for preventing the transmission of infections related to waste­
handling procedures; and 
-an adaptation of policies and procedures on the proper management of waste, 
these policies should be reviewed and updated regularly; 
An employee training program must be implemented and must emphasize the 
following' 
-Provide appropriate personnel protective equipment and hand washing 
facilities for workers involved in various stages of waste handling and disposal; 
-include a written procedure to handle and report needle stick injuries and 
other waste-handling incidents. Injuries caused by needle stick and sharp instruments 
should be documented, reviewed, and changes implemented to prevent similar 
incidents in the future; 
-emphasize the need for point of generation segregation so that waste is placed 
within and appropriate waste container; 
-review the type and quality of waste containers used and the handling 
practices to determine if problems are the result of excessive or inappropriate handling. 
If so, modify the handling techniques; 
-immunization of workers and employee responsible for handling and disposing 
of medical waste; 
-special precautions and training for workers who are dealing with sharps 
wastes and incineration operations; 
-the hazards of those materials to which workers may be exposed; and 
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-the actions to be taken and which supervisory staff should be notified in the 
event of an accident. Consideration should be given to adapting the training programs 
to suit personnel who may not be fluent in the official language of predominant use or 
who may not be fully literate. 
2.6 Im pact of H ealth Care Waste o n  Human H ealth a n d  t h e  Env ironmen t 
In addition to health risks to patients and personnel, consideration must be 
given to the impact of health care waste on human health and the environment outside 
health care establishments. In particular, attention should be paid to possible effects on 
the public, including aesthetic factors and to risk of the pollution of air, water and soil. 
Potential disease transmission from the waste stream to the public appears low. 
There is no epidemiological evidence that hospital waste-disposal practices have 
caused disease in the community as reported by the U. S. ATSDR on their report to 
Congress as quoted by Rutala and Weber (1991). This disease cases do not exist 
because no objective evaluation of the number of incidence and infections resulting 
from contact with hazardous hospital waste has previously been performed. 
Engelbrecht et al. , (1974) as quoted by Tumberg (1991); had described the 
potential hazard of pathogens in landfills as a function of three conditions: the 
concentration and the nature of the pathogen, the pathogen's ability to survive and 
retain its infectious properties in the landfill environment, and the pathogen's ability to 
migrate through the landfill into the surrounding environment and be a potential human 
health hazard. Several studies were conducted by Engelbercht et al. , (1973, 1974, and 
1975), Novello (1974), Sobsey et al. , (1975), and Ware (1980), as quoted by Tumberg 
(1991); focusing on the bacterial and viral bio-Ioad in landfill leachate which indicated 
that the chemical and physical properties of leachate have an inactivating effect and 
that these microbial populations decrease in concentration with time. However, 
another studies were conducted by Engelbrecht and Arnirhor (1975), as quoted by 
Tumberg (1991), showing the effect of increased temperature which occurs during the 
landfill's initial aerobic stage of decomposition, have inactivating effect on bacterial and 
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viral populations Meanwhile, Ware ( 1980) as quoted Turnberg ( 199 1), has reported 
that absorption of virus particles onto landfill material is likely and partly explains the 
low recovery rate of viruses from landfill leachate. Cooper et aI . ,  ( 1 974), and Keswich 
( 1980), as quoted by Turnberg ( 199 1);  had observed that; it is not clear if viruses are 
inactivated after absorption into particulate matter in the landfill . However, assay 
techniques for viral recovery need to be improved and negative finding's actually may 
represent flows in the recovery system. Also Ware ( 1 980); as quoted by Turnberg 
( 1 99 1) ;  has reported that the chemical and physical characteristics of the landfill 
environment produce an inactivating effect upon viruses and bacteria. It is still possible 
for pathogens to survive. However, the movement of these microorganisms through 
landfill soils are dependent upon many factors, including soil texture/composition, soil 
moisture, salts concentration, pH, climate, nutrient availability, and antagonisms. He 
also found that the adsorption of viruses into landfill material is likely and may explain 
the low recovery of viruses fonn landfill leachate studies. Where B renniman et aI . ,  
( 1 984) and Sobsey ( 1978) quoted by Tumberg ( 199 1) ;  had reported that the risk of 
ground water contamination by pathogen in a properly operated landfill appears to be 
low Proper engineering and operation would include the necessary liners and leachate 
collection system to prevent leaching of landfill contaminants (chemical and biological) 
to surface or groundwater. 
2.7 Segregation 
The key to the whole management scheme of all waste arising from health care 
facilities is the segregation of non-clinical from clinical waste. Segregation of the 
infectious waste from the general waste stream can make a significant difference in the 
cost of waste disposal .  When non-infectious waste is discarded in the same bags as 
infectious waste, hospitals pay for disposal of the non-infectious as if it were 
infectious. By keeping clinical waste separate, the special nature of this waste is  
recognized and appropriate methods for optimal disposal can be adopted. It is always a 
failure in the segregation of clinical waste which underlies those incidents of the 
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general public and waste disposal operatives being exposed to clinical wastes, as 
reported by the U K Dept. of the Environment (1987a). 
The success of any waste segregation system revolves around its simplicity; the 
simpler the procedure, the smaller will be the risk of human error. Such system should 
be based on the provision of an adequate supply of appropriately marked or coded 
containers of suitable strength and durability; in safe location; throughout the areas 
where waste is being generated. It is important that a standard system of marking or 
identification of containers for the different categories of waste should be adopted, not 
just within single health care establishment or regional organization, but nation wide. 
This will enable personnel engaged in the collection of waste for disposal off-site to be 
fully aware of the nature of the content of each package (Hall . ,  1 994). Unfortunately 
the multiplicity of segregation system and the varying standards set by the individual 
codes of practice have given rise to a number of problems. Staff employed in the 
hospital services do move between establishments, and the variety of different color 
codes used also made it difficult to employee to recognize wastes; as reported in a 
number of incidents. It is preferable that waste should be segregated at their point of 
generation. Staff can readily identify the hazard of each and the nature of materials 
instead of implying the responsibilities on porter who is untrained in the medical field, 
unless explicit instruction are given for each category of waste (Meaney and Pual., 
1989). However, segregation of waste at their sources from the general refuse, will 
decrease the amount of waste which require special treatment and handling; and will 
effectively divert those materials that could be recycled or reused. 
Hospital waste must be segregated at the point of generation into the following 
waste categories as recommended by the WHO Report (1985); and as published in the 
HSC guidance document (1992). The recommended color coding for bags and 
containers are as follows: 
-General waste needs no special measures and can safely be dealt with in the 
same way as general municipal waste, i.e. black bags are used. Non-infected food 
could be used for animal feed. 
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-Y eHow bags are used for all wastes suitable for incineration, such as 
pathological and infectious wastes. However, yellow or red cloth bags are used for 
heavily contaminated linen to be sent to laundry. 
-Yellow with black stripes are preferably disposed of by incineration but may 
go to landfill sites in the case of treatment facilities are not provided. 
-Light blue or transparent bags with blue inscript ions for waste which is to be 
autoclaved ( or equivalently treated ) before ultimate disposal. 
-Green clothing or clear plastic bags used for soiled linen. 
-Sharps should be packed in the yellow puncture-proof containers for disposal 
by incineration. 
-Pressurized containers such as aerosols cans must not be placed in waste 
disposal bags destined for incineration, it should be disposed of by municipal landfill 
with the general refuse or send to contractor for recycling. 
Recommended colors to British standard BS 3 8 1  C: 1 988  as illustrated in the 
HSC report ( 1 992 ), are: 
-Yellow standard color ref : no 3 09, and 
-Light blue standard color ref : no 1 75 
As recommended by the WHO report ( 1 985), for waste to be segregated, 
should be put into single-use, moisture proof bags hung in special holders or used as 
liners for plastic or metal containers. The bags should be strong enough to resist 
internal or external mechanical damage and should be filled only to a level that allows 
the bags to be easily and lightly closed. Color-coded bags or containers should be used 
to identify pathological and infectious waste, the containers must be sealed before 
transport . If autoclave bags are used; they must allow stearn penetration to accomplish 
sterilization. And the radioactive waste should be properly labeled and can be stored to 
allow to decay ( see section 2 . 1 0  for more details ) .  
2.8  \Vaste Conta ineriza tion, Storage and Col lection 
2.8. 1 \Vaste Co nta in erizat ion 
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All waste has to be subjected to containerization and storage between the time 
of generation and time of destruction. Adequate supplies of appropriate containers 
should be provided where clinical waste arises. All clinical waste containers should be 
capable of containing the waste without spil lage or puncture, especially during 
transport and handling to its point of final disposal . The medical waste management 
plan must address the containerization throughout this stage. It must also outline 
requirements for storage areas. 
The selection of packaging of waste as recommended by Meaney and Pual 
( 1 989), must be compatible with the type of waste; special transportation 
requirements; the local regulatory requirements, and should address the proposed 
treatment method, e .g .  when steam sterilization present, high density polyethylene 
plastic bags should not be used; this will impede the steam penetration of waste and 
hinder the treatment process. 
According to the CCME guidelines ( 1 992), and the HSC ( 1 992) 
recommendations; waste containers are to be classified as reusable or single­
use/disposable. Reusable waste containers must be made of metal or rigid plastic and 
should be able to withstand exposure to common cleaning agents.  They must be color­
coded according to the type of waste for which they are intended. Containers used for 
the general waste do not require any special specification; they may be made of metal 
or plastics. Kitchen container wil l  be like the normal municipal drums which should 
resist corrosion; prevented against accidental spillage or leaking; and against 
scavengers, insects and rodents (i .e .  provided with skip). Regular cleaning for 
containers are required, for disinfection and odor prevention. And they should be 
accessible to the collection vehicles. 
The size and number of containers should be appropriate to handle the 
expected amount of wastes produced. The location of each container should be written 
clearly on the side and should always be kept in the same place. It IS normally 
impractical to use more than four separate waste receptacles in one room. 
Single-use containers should be classified as one of the following types; sharp 
container waste-holding plastic bag, paper bags and cardboard container. 
The critical characteristics of any sharps container according to the British 
standard as reported by the HSC ( 1 992), are as fol lows : -
a) Be  puncture resistant and leak proof, even i f  they topple over o r  are 
dropped; 
b) be capable of being handled and moved while in use with minimal danger of 
the contents spilling or falling out; 
c) be provided with handle (s) that is part of any closure device, the position of 
the handle must not interfere with the normal use of the container; 
d) have a closure device attached for sealing when 3/4 full or ready for 
disposal ; 
e) have a horizontal line to indicate when the container is 3/4 full and marked 
with the words "warning -do not fill above this line" ;  
f) be made of material which can be incinerated; 
g) be yellow; 
h) be provided with an aperture which, in normal use, will inhabit removal of 
the contents but will ensure that it IS possible to place items intended for disposal into 
sharps container using one hand, without contaminating the outside of the container; 
and 
I) be clearly marked with the words "Danger" ,  "Contaminated Sharps only", 
"Destroy by Incineration" , or "To be incinerated" .  
During use, sharps containers should be partially filled with liquid disinfectant 
solution. The use of second-hand containers, e .g .  bleach and germicide bottles, for 
containing sharps must be formally approved by the person(s) responsible for the 
facility's medical waste management program (COvill, 1 992). However containers 
intended for incineration should not be made from polyvinylechloride (PVC). Also 
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compaction containers should not be used for clinical waste . Clinical waste sacks 
should conform to the appropriate ational Health Services (NHS) performance 
specification or equivalent (See ppendix ( B )  for the NBS specifications). 
2.8.2 Storage 
Clinical waste container may need to be stored either immediately before 
incineration or before transport for disposal at other sites. Clinical wastes should not 
be allowed to accumulate in corridors, wards or other unsuitable places. 
Bulk clinical waste stores should be sighted near to any one site treatment 
facility. The storage area should be kept secure from any unauthorized persons, 
animals, and free form contact of incest or rodents. In addition, It should be totally 
enclosed; provided with wash facilities; have a clear warning signs, and should be 
sighted always from food preparation or the general storage areas; away form routes 
used by the public; should be well lit, and well ventilated area. Landfill and incineration 
waste should not be mixed in any circumstances. For waste to be stored up to one 
week, a refrigerated area is needed. Self closing doors on storage areas and 
refrigerated storage should have means for opening the door form the inside to make 
sure that people cannot be accidentally trapped or locked inside (HCS,  1 992). 
2.8.3 Collection 
The frequency of collection is also important, while it is practical to collect 
wastes arising at hospitals frequently throughout the working day in operating theaters 
or intensive care rooms, it is often takes place twice a day in other departments. The 
containers should not be too heavy when full, a maximum size of 1 00 litters for dry 
waste and 50 litters for wet wastes are as recommended by the U.K DOE ( 1 987a). 
The U.K DOE ( 1 99 1 d), has recommended for waste outside premises, to be 
stored in containers that are strong and secure enough to resist not only wind and 
rain, but also animal disturbance, especially for food waste. All containers left outside 
for collection, will therefore need to be secured or sealed (e .g .  drums with lids, bags 
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tied-up, skips co ered) To minimize the risks, waste should not be left outside for 
collection longer than necessary. The waste disposal authority should, as a result of its 
waste disposal survey, have a clear idea of the amount and source of clinical waste in 
its area, and should know the special collection services provided. 
2.9 Handl ing 
"Handling" is defined as the link between all waste stages such as, waste 
containerization, collection, storage, transport and disposal . All employees who are 
required to handle or come into contact with medical waste, should be adequately 
trained in safe procedures and in dealing with emergencies, such as spillage or other 
incidents for their area of work. The level of training will clearly be dependent on the 
staff involvement with clinical waste. As a minimum all staff should be trained, 
informed and instructed in the risks associated with clinical waste, segregation, storage 
and procedures in case of accidents (HSC, 1 992). 
Coad ( 1 994); has recommended for employee handling medical waste to wear 
a protective clothing, such as overall, gloves and mask. Carts and vehicles used to 
transport the waste should be carefully designed so that they are stable, quiet in 
operation, so that transportation can be achieved with the minimum of effort and 
inconvenience. The opportunities for contact with bags or bins should be kept to the 
minimum. Trolleys or carts should be large enough so that waste is not piled up on 
them in an unsafe way, and they should be stable to minimize the risk of tripping over. 
No compaction vehicles should be used; the waste should be disturbed as little as 
possible during loading and transport. Waste in categories B, C, D and E (i . e. all 
except the general non-hazardous waste) should never be transported with general 
municipal wastes, but should be kept separate at all stages. Washing Facilities should 
be convenient; with disinfectant material for people handling clinical waste. This is  
particularly important at storage and incineration facilities. 
Specific staff will require greater depths of training e.g. . incinerator staff, 
drivers, community and laboratory staff. E specially staff who transfer, transport or 
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handle quantities of clinical v aste container' should be trained in the use of control 
measures or protective equipment protective face visors, helmets and strong industrial 
gloves should be provided; where incinerators are fed manually. Suitable respiratory 
protection mask for the protection against toxic dusts, should be worn during the 
remo al of ash form the incinerator. Employee involve in the transportation of waste; 
should check that containers are effectively sealed; and should be trained in the 
procedures to be followed in case of accidental spillage, highway traffic, or leaking; 
and ensure that the origin of waste is marked on the containers. Clinical waste sacks 
should be handled by the neck only, they should not be clasped against the body and 
never thrown or dropped (HSC, 1 992). 
Sturdy shoes or industrial Wellington boots should be worn to protect the feet 
against the risk of container being accidentally dropped, especially in storage area and 
incineration section. 
All staff handling clinical waste should be immunized against hepatitis B and 
tetanus, this should be considered part of the hospital protection plan. First-aid should 
be provided; with record keeping of injuries and incidents by the occupational health 
department . 
2. 1 0  H a n dling and Disposal of Radioactive Waste 
Although the use of radioactive materials is not yet established in all health care 
facilities; for the treatment and diagnostic. The small amount generated from some 
hospitals and research laboratories has to be handled and disposed of in a responsible 
manner due to the potential risk posed by such waste to employee handling this waste 
and the environment . It is important that waste management considered and planned 
for at the early stages of any projects involving radioactive materials. Radioactive 
waste is classified according to its type and its radioactivity. The type and level of 
radioactive materials used in health care establishments results is low-level radioactive 
waste. Radioactive materials are used in two different forms, sealed sources and 
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unsealed sources. The medical applications o f  radioactive materials in the diagnosis 
and treatment includes; as illustrated by Tsyplenkov ( 1 994); are as follows: 
a) " in vitro" radioassay for clinical diagnosis and follow-up; e.g. iodine- 1 25 .  
b )  ol in vivo" use o f  radiopharmaceuticals for clinical diagnosis, follow-up or 
therapy ( e g iodine - 1 3  1 phosphorus-32 );  and 
c) radiotherapy' using sealed radiation sources. 
There are many sources of radioactive material used in research application, 
which commonly use significant quantities of 1 4C and 3H and generates large volumes 
of waste with low radioactivity. However, nuclear medicine normally generate 
relatively small amounts of waste but with higher radioactivity then the previous two 
sources. 
2. 1 0. 1  Collec t ion  and Segregat ion 
As recommended by Tsyplenkov ( 1 994); the subsequent handling, treatment 
and conditioning of radioactive waste would be easier if it is collected and segregated 
at their point of origin; each waste category should be collected separately. There is a 
variety of ways to 
-
classify radioactive waste for the purpose of segregation; the 
fol lowing factors are usually important in this respect; 
- radiological characteristics (half l ife, activity concentration, etc. ) ;  
- Physico-chemical characteristics (solid, liquid, organic etc . ), and 
- ongm. 
Collection practices of solid wastes as recommended by the WHO ( 1 985);  
normally consist of distributing suitable containers throughout the working area in  
which the radioactive waste can be loaded. It is  necessary to have enough containers at 
each place to allow for sufficient segregation. Solid waste may be subdivided into 
compatable/ non compactable or combustible/ non combustible. If there is no 
incineration available, solid waste should preferably be collected in strong plastic bags 
places in metal waste bins with foot operated lids. The plastic bags can then easily be 
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sealed and taken out when full. It is advantageous to use transparent plastic bags so as 
to be able to see what is inside. 
Liquid waste should be collected in plastic bottles of up to a few litters in 
volume. The plastic must be chosen so that it does not interact with the stored liquid. 
All applications of radioactive material generate some solid radioactive waste such as 
the vials, syringes and contamination control material; should all need proper 
handling. Metal cans are preferably used in this case(WHO, 1 985) .  
2. 1 0.2 Disposal Methods 
There are two main approaches to radioactive waste disposal provided by the 
WHO ( 1 98 5); concentration and storage; or dilution and dispersal . 
The objective of storage is for the decay of radioactive waste activity under 
safe control until activity levels permitting controlled release or exemption of the waste 
are reached Since the half-life of nearly all nuclear medicine imagines materials in the 
range of hours or days, storage for a period of one or two months can be followed by 
disposal in the ordinary waste system with appropriate monitoring is recommended. 
For estimating the time required for reaching and established release level, it is useful 
to know that a storage time of ten half-lives corresponds to a reduction of activity with 
a factor 1 000. For example, of LMBg 1 3 1  I (half-life 8 .03 d) 1 kbq remains after 2 .6 
months (ten half-lives) (TsypJenkov, 1 994). 
Dilution and dispersal is usually applied to liquid and gaseous waste. The waste 
can be diluted through dispersal in the sewer system. Gaseous waste can likewise be 
diluted through dispersal in the atmosphere in a normally uninhabited area. Under no 
circumstances should such gaseous radioactive waste be mixed with the indoor air. If a 
special exhaust system is not available, an activated carbon trapping device may be 
used (WHO, 1 985) .  
Small volumes of liquid waste can be " solidified" by absorption in a suitable 
media, e .g vermiculite, natural fibbers (sawdust, cotton), synthetic fibbers 
(polyethylene) clays, diatomaceous earth etc. 
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Another di po sal and treatment methods used for the combustible Radioactive 
Solid waste, is incineration which gives a stable and sterile product-ash (Tsyplenkov, 
1994) However, Leister et aI . ,  (1993); has stated that incineration of technetium (Tc-
126) and cesium (Cs-137) were contributed to significantly high levels of active 
gaseous emission. And an analysis of incinerator ash shows a high activity of cobalt 
(Co-60). 
2.11 Transport of Clinical Wastes 
Clinical wastes need to be transported to their place of final disposal. The 
movement and transport of waste internally and externally should be considered as part 
of a comprehensive waste management system in all health care establishments. This 
cover all aspects such as design of storage containers, length of storage, and design of 
vehicles or other mean of moving health care waste between the point of arising and 
the storage facility prior to disposal (Meaney and Pual. 1989). 
The journey involved may vary from relatively short and straight forward 
movement to on-site incinerators to lengthy and complex movements for waste 
destined for distant landfills or central incineration. Regardless the type of journey, 
however, the transportation affect the health and safety of staff, patients, visitors, and 
waste disposal operatives and the community at large. 
2. 1 1 . 1  I nternal Tra nsport 
The HSC (1992); has provided a number of recommendations on the design 
and construction of trolleys and carts for this purpose, Dedicated trucks, trolleys or 
wheeled containers should be used to transport the waste containers to the storage 
area. Vehicles should be kept solely for the transport of clinical waste. They should be 
designed and constructed so that they can be easily cleaned and drained, do not offer 
harbourage for insects or vermin, and so that particles of waste cannot become trapped 
on edges or crevices. They should allow waste to be easily loaded, secured and 
unloaded and should contain any leakage for damaged containers, The clinical waste 
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disposal policy should specify frequent steam cleaning o r  disinfection for such 
conveyances, with treatment being given at least weekly, and when leakage or spillage 
has occurred. 
Some commercial comparues and hospitals use a secondary containment 
system. Filled and sealed clinical waste containers are placed into a further container 
for transport and disposal . Examples include cardboard boxes and wheeled, rigid, 
lidded plastic or galvanized bins. Such system has the advantages of reducing the 
handling of filled containers. The filled containers are placed in the secondary 
containment at or close to source and the secondary container in then transported to 
the incineration. Trolleys should be solely for the purpose of transporting medical 
wastes and nothing else. They should be labeled with the ward " INFECTIOUS" and 
the international biohazard symbol .  It should be strongly advised that the handling and 
transportation of waste occur during early morning and night time hours. At this time 
there is less likelihood of encountering patients, staff, and visitors, This limits the 
potential spread of disease within the facility (Meaney and Pual . ,  1 989), In 
circumstances where, due to lack of on-site facilities, or when central incineration is 
used, clinical waste is transported over the public highway to another location; an off­
site transport where used . 
2. 1 1 .2  Off-site transport 
The issue of transport clinical waste off-site for eventual disposal should be 
dealt with specifically in the environmental legislation. The transport of clinical wastes 
through the community should be carried out in such away as to present no danger to 
the public. The transport of infectious, pathological, and other categories of hazardous 
clinical waste on the highway should be controlled in the same manner as hazardous 
chemical wastes, According to the HSC ( 1 992), they should be accompanied by a 
written document in the form of a manifest, to be carried by the driver of the vehicle, 
indicating : 
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- the classification of the waste; 
- its principle hazardous component ; 
- its most significant hazardous property; 
- any special precautions to be taken whilst handling; 
- emergency procedures in the event of spillage; 
- the name of the person or authority to contact in the event of and emergency 
arising during transport and disposal; 
- the destination of the waste; and 
- the proposed disposal method. 
Where practical the vehicle or container should be dedicated for the use of 
transporting clinical waste. If this is not possible through washing and disinfecting of 
the container after each assignment should be carried out according to a code of 
practice, which should be drawn up by the health care authority to ensure that there 
will be no cross contamination of subsequent consignments carried by the vehicle. Any 
vehicle used for the transport of clinical waste should not be employed to carry 
materials which would be seriously affected by contamination such as food, livestock, 
people, or retail goods. The vehicl� should have an enclosed, leak-proof body and be 
capable of being locked to secure the contents in the event of the vehicle being left 
unattended while carrying clinical waste. Vehicles used to transport waste to off-site 
disposal facilities should be of a high standard. And should conform to the following 
criteria, as illustrated by Hall ( 1 994): 
-it must have a totally enclosed car body and the driver must be separated from 
the waste by a bulkhead of sufficient integrity to prevent him coming into contact with 
the wastes in the event of an accident; 
-provision must be made for clinical wastes to be securely segregated from any 
non-clinical wastes; 
-the vehicle must be easy to clean and the internal surfaces of the body should 
be smooth with all corners curved. At a minimum the vehicle should be cleaned at the 
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end of each working day and cleaning should be mandatory ill the event of any 
spillage; and 
-the vehicle should be able to survive an impact with another vehicle under 
urban motoring conditions without an unacceptable loss of integrity, which could 
cause spillage from bags or containers. 
According to the HSC ( 1 992) recommendations; individual bags or packages 
can be packed into larger, stronger secondary containers, such as drums or kegs so as 
to reduce the possibil ity of spillage in the event of a plastic bag bursting or tearing due 
to the nature of the waste, or the density to which its packed. Each package should be 
marked or coded on its outer layer to enable the contents to be identified, such 
containers can be either single-use or reusable. For single-use containers, a 
construction material of (water proof) fiberboard or polyethylene would be sufficient. 
The containers should be fitted with a self-sealing lid and be robust enough to 
withstand being spilled from the vehicle. Reusable containers should also conform to 
these criteria. Additionally, the material used in their construction should be of 
sufficient strength to withstand repeated use. The containers should be easy to clean 
and offer no harborage for insects .  For very small quantities of waste, such as waste 
from private clinics or midwife; Hall ( 1 992) recommended, that such waste should be 
securely packaged in appropriate gauge plastic bays, or plastic or fiberboard containers 
in the boot of a family saloon car; satisfies most of criteria set out above to a 
reasonable degree. Special care in the packaging of waste is therefore required 
2. 1 2  Treatment 
The term "treatment" refers to processes that modify the waste in some way 
before it is taken to its final disposal. The EPA defines treatment as any method, 
technique or process designed to change the biological character or composition of 
medical waste so as to eliminate its potential for causing disease; as quoted by Coad 
( 1 994). The process of treatment must be operated in order to protect person at work 
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as well as the environment . Treatment may be  required of  a number of  reasons 
(WHO, 1 985) .  
-To disinfect or sterilize the waste . ,  so  that i t  I S  no longer the source of 
pathogenic organisms. 
-To reduce the bulk volume of the waste in order to reduce requirements for 
storage and transportation. 
-To make surgical waste unrecognizable, and therefore less aesthetically 
unacceptable . 
-To make recyclable items unusable (e.g. unsafe illegal reuse of discarded 
syringes and drugs). 
Hospitals get rid of their medical waste via variety of ways, they may discard 
some infectious liquid into sewage system; as stated by Hershkowitz ( 1 990) . Although 
this disposal route is legal, the country sewage do not always have the capacity to 
handle the waste. In fact, some treatment plants discharge contaminated waste into 
coastal waters. Here in the U .A .E .  the only treatment method available for the disposal 
of infectious and hazardous waste arising from health care establishments are thermal 
treatment ( i .e .  incineration). However, other methods have been established in Europe 
and the United States due to the public and environmental concern of the toxic 
emission of the present incinerators. Although, these alternatives are l ikely to be less 
capital intensive; emit fewer pollution than incineration processes; and reduce but not 
eliminate the use of incinerating which will remain the most appropriate treatment 
technology for pathological wastes. 
On a preliminary results of a survey of 200 acute-care hospitals across the 
United States done by Layne et aI. , ( 1 987); as quoted by Lee et al . ,  ( 1 99 1 ) ; showed 
that; 
-
-70% of the responding hospitals either own or share an incineration for waste 
disposal; 
-49% use stream sterilization; 
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- 1 1 % dispose of infectious waste ill a sanitary landfill without pnor 
steril ization; 
-23% dispose of blood or blood product to sewer system; 
-2 1  % dispose of dialysis wastes to a sewer system; and 
- 1 1  % grind infectious wastes and discharge them to the sewer. 
The United States EPA research data and industry operating experience; in a 
study done by Oppelt ( 1 987), as quoted by Lee et al . ,  ( 1 99 1 ); indicated that 
incineration is currently one of the best available technologies for disposing of various 
waste stream Landfill disposal of infectious waste is recommended only following 
incineration or sterilization. Recent data indicate that about 1 1  % of hospitals in the 
United States dispose of their infectious waste directly to landfill without prior­
treatment, as stated by Layne ( 1 987); quoted by Lee et a1 . ,  ( 1 99 1 ) . In any event the 
use of sanitary landfill for medical wastes disposal is not a satisfactory long-term 
alternative. 
Treatment methods involves elimination of pathogenic hazard and the 
disinfection of the infectious waste to prevent dissemination of virulent micro­
biological pathogens in the environment. A number of treatment methods, from which 
disinfection may be achieved Chemical process, thermal, and irradiation are the main 
methods that might in most cases theoretically, render clinical wastes, to be acceptable 
for disposal to landfill, and the most used ones. Thermal disinfection may be dry on 
wet, dry disinfection takes place through incineration (Coad, 1 994) . 
To ensure the effective treatment of each waste load; operating personnel must 
be familiar with both, the type of waste, the treatment method, and the apparatus. 
Monitoring of treatment method is recommended to ensure that the apparatus is 
operating correctly and waste load are receiving adequate treatment. Meaney and Pual 
( 1 989); have suggested a standard operating procedure (SOP), which must be 
established by qualified personnel. This (SOP) should address issues, such as type of 
waste, efficiencies in pathogenic destruction, final waste reduction, and cost effective 
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procedures I f  disinfection i s  reliable most hazardous medical wastes could be handled 
as normal municipal wastes after they have been discharged. 
The following sections discuss various treatment methods presently available, 
in order to evaluate which treatment method is the most appropriate. Variation in 
waste stream' and Limitation of the treatment apparatus should be considered . Table 
(2 8) shows the cost comparison of medical waste treatment technologies as reported 
by Cross ( 1 990a) 
Table (2 .8) : Cost Comparison of Medical Waste Treatment 
Technology 
Treatment methods Operation and Capital equipment 
maintenance ($/lb/hr) ($/lb/hr) 
I ncineration * 0.04 500 
Hydropulping 0.06 200 
IM icrowaving 0 . 1 5 750 
'Steri l ization 0.07 300 
'Steri l ization/Compaction! 0.08 400 
ISteri l ization/grinding I 0.08 500 
Source: Cross ( 1 990a) 
*Controlled air incinerator. 
Example: for 500 a lb/hr incinerator 
-capital cost- 500 lb/hr x $ 500 /lblhr = $250,000 
-operating cost - assume 1 2  hr operating day 
-500/lblhr x $ 0 .04 lblhr x 1 2  hr/d x 365 d/y = $87,600 Iy 
2. 1 2. 1  Incineration 
Incineration is one of the methods used most extensively for the treatment of 
municipal and hazardous waste materials .  However, incineration is also a disposal 
process. And at present itjs the most commonly used procedure for treating medical 
wastes; the suitable method for all types of waste; reduces weight and volume by up to 
95 percent The definition of " incineration" as reported by the u.K .  DOE ( 1 99 1 c);  "is 
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the destruction by burning in an incinerator of any waste; chemicals, animal remain or, 
the cremation of human remains. " Other definition as reported by Meaney and Pual 
( 1 989); refers to the combustion of wastes under excess air condition to form ash (non 
combustible residues) and off-gases with the elimination of pathogens. So incineration 
is a controlled combustion process for reducing solid, liquid or gaseous combustible 
waste primarily to carbon dioxide, other gases, and a relatively non-combustible 
residue; the residue is usually deposited in landfill sites. Incineration generally can be 
considered the second oldest form of waste disposal practiced today after landfilling. 
Incineration is developed in stages until it reach this present form; essentially open 
burring on level ground or in pits, or the use of fire wagon are the earliest innovations 
in incineration (pavoni et aI . ,  1 974). 
Understanding the characteristics of different waste stream is necessary to 
ensure proper selection and design of the incineration system. Based on the thermal 
rating, there are two basic waste classification, high heating value waste which is 
usually self-combustible and does not require supplementary fuel, and low heating 
value waste, which is not normally combustible without the addition of support fuel . 
Another method of classification is to define the waste according to its chemical make­
up. The categories used are: organic, halogenated, metallic, aqueous and nitrogen 
containing, as reported by Whiting ( 1 987) and quoted by Maltezou et aI.,  ( 1 989). 
Therefore, the design of an effective incinerator as Doyle et a1 . ,  ( 1 985 )  stated; depend 
on primarily upon; 
- Physical form of waste (liquid, solid, sludge, etc . )  
- Total thermal input 
- Special performance requirements (i . e .  percentage of destruction). 
Dry combustibles (paper & plastic) can be burned on a grate with cold air 
blown up through it. If the solids are wet, this combustion air must be hot. If the solid 
are not combustible, there is no advantage of blowing air through the wastes. These 
differences mean that it is difficult to design an incinerator which bums all types of 
waste. The heat input to an incinerator for wet pathological waste is provided by the 
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fuel used to fire it, while the heat input to a refuse incinerator may come almost form 
the waste. In either case it is  the rate of heat release which primarily determines the 
size of the unit rather than the rate of waste feed. 
The simple design of an incinerator as described by Meaney and Pual . ,  ( 1 989); 
with small capacity, consist of : 
* Primary combustion chamber, 
* Secondary combustion chamber, and 
* An ash collection system. 
It is recommended by most literature that the primary combustion chamber 
should operate at a temperature between 1 5000F and 1 8000F to achieve good burnout 
and maximize the kill of infectious agents present in the waste. In some other literature 
a temperature of 950°C should be sustained to ensure complete destruction of waste 
and the by products .  An upper limit of 1 6500C exists to prevent damage to the 
refectory lining of the incinerator, and above 1 5000C carbon dioxide may dissociates 
to form carbon monoxide, which will lead to emission problems, as recommended by 
Whiting ( 1 987), as quoted by Maltezou et aI . ,  ( 1 987) .  Meanwhile, Glasser et al . ,  
( 1 99 1 ), have stated that waste when burned at a minimum temperature of l OOOoC, 
toxic emission wil l  be reduced in air and ash. However, polychlorinated dibenzo dioxin 
(pC CD), and polychlorinated dibenzo furan (PCDF) may form at temperature between 
(250°C - 400°C) with a peak at 300oC, according to Tickell and Watson ( 1 992) . 
Basically, the principles on which the design of any incinerator depends, is the time, 
temperature, turbulence, and oxygen (Cross, 1 990a) . 
Excess Air is required to minimize the formation of products of incomplete 
combustion generated as a result of the high plastic content of medical waste (25% -
30%), (Meaney and Pual . ,  1 989) . The higher oxygen content leads to higher free 
halogen formation. However, very high air content may increase the gas flow rate that 
contain oxide of nitrogen; leading to additional environmental impact and add cost to 
air pollution control equipment . A twisting high velocity vortex action is required to 
ensure complete mixing with the fuel spray at its point of injection for pre-heating and 
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ignition of waste as stated by 'Nhiting et ai . ,( 1 987), as quoted by Maltezou et ai . ,  
( 1 989). 
The fuel-gas temperature exceeding 1 50°C should maintained to keep gases 
above the dew point to avoid corrosion and liquid condensation problems. Also an 
over loading of waste is avoided or charging not in accordance with prescribed 
operating schedule especially, especially if the moisture content of waste is high (i .e .  
waste contain large amount of tissue and pathological waste), to prevent shielding of 
micro-organisms by another layers of waste (Hall, 1 994). 
The secondary chamber (after burner) is required to thermally destroy the air 
borne contaminants from the primary chamber, and should also be operated under 
conditions of excess air, (Meaney and Pual . ,  1 989). A minimum temperature of 
1 0000C is maintained in the after burner (Hall ,  1 994). 
Whiting et aI, ( 1 987), have reported, as quoted by Maltezou et aI . ,  ( 1 989); that 
the selection of the residence time will be influenced by the incineration temperature 
and must be such that the waste is maintained at the desired temperature for sufficient 
time to ensure complete oxidation of the waste .  Increased residence times improve the 
destruction efficiency of the waste but it may be economically not effective. This time 
as reported by Hall ( 1 994); should be for gases in the hot zone, a minimum of 1 .0 
seconds, where it in other literature is about 2 . 0  seconds or more. 
However, there are a number of factors that should be set in the design of any 
incinerator, to be effectively deal with all micro-organisms, and any miss of any factors 
or a combination of factors, may interfere the process, and the sterility of the residue, 
the factors are as reported by Hall ( 1 994); are : 
- temperature gradient caused by intermittent use, 
- linear velocities exceeding design criteria due to unproper operation and 
thereby reduce retention time. 
- changing beyond incinerator capacity, and 
- moisture content . 
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The final residue (ash) should be a sterile product, an automatic de-ashing 
system is recommended to prevent occupational exposure of dust and hazardous 
materials it may contain. Howe er injury form sharps and broken glasses may 
occurred, although it is sterile, the physical shape is still uncharged . The air emission 
from incinerator stack and the chimney design will be discussed in other sections. 
Incinerator as simple the procedure of combustion, is a complex plant which 
required routine maintenance and design. Also the need to control both waste and fuel 
flow rates to maintain target operating conditions is one reason for operating problems 
on any incinerator; waste feed rate and fuel rates should be adjusted. Therefore a 
skilled personnel is needed to control the process and to ensure long life of the facility 
itself i . e. poor operation of an incinerator can damage the combustion chamber 
(pa oni et al . ,  1 974) . 
The UK. DOE ( 1 987a), has recommended some facilities to be provided with 
any incinerator, if it is to be operated on-site or off-sites such as; reception area for 
receiving waste, with the labeling of the location of bagging or container; storage area 
to a oid the over loading of waste near the feeding point and a cans or containers for 
the storage of residue or ash. 
There are three types of incinerator used most frequently for hospital waste 
treatment such as: 1 .  controlled air, 2. multiple chamber air, and 3 .  rotary kiln models. 
All the three types can use primary and secondary combustion chambers. These 
incinerator systems feature; cylindrical, refractory-Lined (usually brick) combustion 
primary chamber which rotate between 1 and 3 rpm on a slightly inclined horizontal 
axis This rotation provides excellent turbulence. The rotary kiln which is most widely 
used in the United State For the destruction of hospital wastes, needs a pre-shredder 
for size reduction (Hall, 1 989). Also the starved-air modular system and excess-air 
modular system (batch) are being offered now in the United States (Lee et al . ,  1 99 1 ). 
The incineration of medical waste have many advantages as reviewed by the 
U. S Midwest Research Institute (MRI) on their report ( 1 983) ;  as quoted by Glasser et 
ai , ( 1 99 1 )  High temperature are capable of destroying infectious agents, with 
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significant volume reduction up to 90 percent can be achieved. Little pre-processing 
is required relati e to other treatment methods. However, an on-site incineration offers 
significance reduction in transportation costs as well as the possibility for heat 
recovery Perhaps even more importance· that it is suitable for most types of medical 
waste such as, pathologjcal waste, sharps, pharmaceutical waste, and cytotoxic drugs, 
can be destructed at a very high temperature incinerator. However, low level 
radioactive wastes can also be disposed in hospital incinerator as reported by Jemison 
( 1 982); as quoted by Doyle et aI . ,  ( 1 985) .  The Nuclear Regulatory Commission (NRC) 
consider incineration is  an excellent means of disposing of radioactive hospital wastes 
reported by Doyle et al . ( 1 985) .  In addition the final product (ash) is unrecognizable 
as a surgical or medical waste. The main disadvantage, is the toxic air emission; if not 
equipped with an air pollution control device especially when the incinerator is located 
in heavily populated areas, resulting in greater potential of exposure. 
2. 1 2. 1 . 1 - Incin erator E m issions 
The basic principle of any incinerator IS  the conversIon of solid wastes 
materials into carbon dioxide, other gases, and the incombustible solid residue ( i .e .  
ash), in which those gases can be safely released to the atmosphere. Formation of 
NOx and SOx gases may occur as well due to the nitrogen content in the ambient air 
and the sulfur content in the organic matter to be burned. However, when those gases 
and other toxic and harmful materials are released into the atmosphere above their 
permissible levels, air pollution occur. 
C linical waste contains an average of 20% to 3 0% plastics consisting mainly of 
polyethylene, polypropylene and polyvinilechloride (PVC) (peters, 1 99 1 ). Those 
halogenated polymers and other copolymers when burned completely will usually 
generate hydrochloric acid (HCL) and / or chlorine (CL2) acid gases (Doyle et al . ,  
1 98 5),  especially the PVC compounds. This hydrochloric acid can corrode metals, 
irritate the eyes, nose, and throat; and can contribute to acid rain problems. However, 
the concentration of polychlorinated-dibezodioxins (PCDDs), and polychlorinated-
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dibenzofurans (PCDFs) in emission from medical waste incinerators, was found to be 
higher than that in emissions of the municipal incinerators. Low temperature 
incinerators and poor operations may contribute to poor destruction of long-chain 
halogenated compounds that is converted to PCDD and PCDF (Lee et aI . ,  1 99 1 ) . 
According to the u.K.  DOE ( 1 989b); there are 75 forms of polychlorinated 
dibenzodioxin and 1 3 5  forms of polychlorinated dibenzofumas; all of which produced 
through incineration and other combustion processes. Their toxicity is expressed in 
terms of TCDD or, 2,3 ,7,8- tetracWorodibenzo-p-dioxin, which is the most toxic 
synthetic chemical produced. According to the U. S EPA, as quoted by Tickell and 
Waston ( 1 992); the tolerable daily intake of dioxin and furans is 6 thousand-million­
millionths of a gram (6x 1 0- 1 5grms) of TCDD equivalent per kilogram of body weight . 
and at this rate, the EPA estimates that the risk of developing cancer is increased by 
one chance in a million. In Britain, the DOE ( 1 989b); estimates that the average daily 
combustion is up to 500 times the EPA limit; and the value is 1 and 3 million­
millionths of gram (between 1 and 3x 1 0- 1 2 gm) per kilograms of body weight . Heavy 
metals that dominate in emission may contain arsenic, lead, cadmium, chromium, 
copper, nickel, and mercury, the majority of heavy metals in flue gas emission are 
associated with particulate. They originate in pigments, inks, stabilizers, plastics, 
whiteners, paints, dry batteries, solders and other general wastes (peters, 1 99 1 ) . Parr 
et al . ,  ( 1 983), have reviewed the human health effects associated with those heavy 
metals. They note that the biological half- lives of ( 1 0-30) hr would be for arsenic; 70 
days for Hg , > 1 0  years for Cd; and 20 years for Pb. The affected organs are the 
keratinous tissue, the brain, liver, the kidney and bone. The predominant exposure 
route for all four elements is ingestion; also important is inhalation for Pb and Cd. 
2. 1 2 . 1 . 2  -Ch imneys 
Stack design will depend upon the local topography, prevailing wind 
conditions, adjacent residential areas and heights of surrounding buildings. Stack 
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errusslOn therefore should be modeled pnor to installation to assess their plume 
dispersion characteristics (Clarey, 1 988) .  
The first assessment should normally use the maximum aggregate mass rate of 
emission of hydrogen chloride and sulfur dioxide expressed in terms of "sulfur dioxide 
equivalent " .  For the calculation, 1 .  0 mg of hydrogen chloride may be taken as 
equivalent to 4 .63 mg of sulfur dioxide, and this is in accordance with the 3 rd edition 
of memorandum on chimney height, as quoted by Hall ( 1 994) .  The requirements are 
quite straight forward; an insulated stack not less then eight meters in height and a 
minimum of three meter above the roof ridge of any building within five times the 
(uncorrected) stack height is necessary and in no circumstances should be less than 8 
m above the ground level .  Chimney should be designed so that the effluent velocity at 
full load is not less than 1 5  mlsec (Goss, 1 99 1 )  . 
Exposure is normally calculated at ground level .  In a sensitive environment, 
this may not be where exposures are greatest especially where tall building containing 
air conditioning intakes and openable windows surround the incineration facility 
(Clarey, 1 988) .  
2 . 1 2.2 Plasm a  Pyrolysis 
Plasma pyrolysis represents an environmentally sound solution to the medical 
waste disposal problem. This electro technology converts organics into clean fuel 
gases and transforms inorganics into an inert, glassy slag. 
This method as reported by Damberger ( 1 99 1 ); where energy is a naturally 
occurring resource and it is the most prevalent state of the universe. Lighting; the 
discharging of static electricity that occurs in thunderstorms, is an example of naturally 
occurring plasma energy. Plasma is often called the fourth state of matter. Plasma 
energy is actually heat energy produced when electric current flows through a gas. 
Plasma forms when electrical current ionizes a gas as electricity flows through it, 
which is heating by electricity. Resistance of the ionized gas to the flow of electrical 
current (like any other conductor) creates extremely high temperature. This is the 
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essence of plasma energy. Gases such as helium, argon nitrogen or air can be ionized 
to became the conductor. The plasma torch converts electricity into heat energy by 
resistance heating using a plasma column as the heating element . 
Plasma arc torches are hardware used in a heating process and can be adopted 
for many appl ications in industry. There are two types of torches typically produced, 
transferred arc and non-transferred arc. The transferred torch uses the working 
materials to conduct electricity polarity is in the rear electrode and its negative polarity 
is the working surface. This results in an intense, direct heat that is ideal for pyrolysis 
of hospital waste. The intense heat of plasma energy has the effect of changing solid 
materials chemically, this process is called pyrolysis. Pyrolysis is the chemical change 
of material brought about by the action of intense heat in the absence of oxygen. 
Instantaneous arc temperature of 2 1  ,000 degrees Fahrenheit convents all organic into 
simple gases. The waste is not burned or combusted, but is pyrolyzed at high 
temperatures. Combustion does not occur and ash does not form in the pyrolysis 
process. The intense heat developed in plasma causes molecules to separate randomly 
during pyrolysis .  The resulting fragments coalesce to form compounds and gases. The 
combination of high temperature in the absence of air and a controlled input of steam 
converts organic and solid materials into a vitreous substance and a hydrogen-rich 
clean gas. Plasma pyrolysis electrically converts organic and inorganic materials into a 
vitreous substance and a hydrogen-rich clean gas. Plasma pyrolysis electrically 
converts organic and inorganic material into a glassy residue and clean fuel 
(Damberger, 1 99 1 ) . 
Pyrolysis is a clean and effective method for rendering hospital and municipal 
solid waste environmentally benign. Demonstration project for this  method is done in 
he Kaiser permanent medical center, in California. This 328  bed medical facility is the 
first in the United States to use plasma pyrolysis to treat medical wastes. The volume 
of gases produced is one-sixth to one-tenth the volume of gases produced by an 
incinerator. The advantages of this technology that; it gives up to 200: 1 solid volume 
reduction; solid weight reduction from 2000 pounds to 1 00 pounds stage; 1 00% 
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recyclable by-products long term liability for infectious waste, and environmentally 
clean process (Damberger, 1 99 1 ). 
The product gas may be used on many energy applications including 
production of methanol The gas produced is rich in hydrogen and carbon monoxide; it 
contains 4 1 %  H2, 3 0% CO, 1 6% N2 8% CO2, and 5% other gases. The glassy stag is 
rich in heavy metals such as cadmium, lead, mercury, chromium and 5% of other 
gases. This glassy stag can be used for concrete aggregate, road bed construction, 
composition roofing and many stage even be spume into insulation (Damberger, 
1 99 1 )  
2 . 1 2.3 \Vet Thermal Disinfection 
Wet thermal disinfection or steam sterilization involves the treatment of 
infectious waste with saturated steam at a sufficiently elevated temperature to kill 
infectious agents. This process is performed in an enclosed vessel more commonly 
known as an autoclave. It is most commonly used method to treat dressings, Surgical 
instruments, and supplies as reported by Meaney and Pual . ,  ( 1 989). Autoclaving with 
compaction or shredding is one of the most frequently adopted new management 
technologies as reported by the Washington State Dept . of Ecology ( 1 989); as quoted 
by Wagner ( 1 99 1 ) . This treatment facility have been in use in California since 1 978, by 
the year 1 99 1  more then 1 00 units were in operation in all the United States . 
Normally the wet thermal disinfection is achieved through autoclaving the 
waste under high pressure. The autoclave function is like any high vacuum vessel 
(Wagner, 1 99 1 ). Generally, there are two types of autoclave available as explained by 
Meaney and Pual . ,  ( 1 989): 
- gravity displacement 
- pre-vacuum model 
Gravity displacement expels the chamber air through an exhaust valve as it fills 
with pressurized steam, this is less effective than the pre-vacuum model as some steam 
dilution is experienced in filling the chamber which leads to less penetration of waste. 
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The Pre- acuum model as the name implies, removes the air from the autoclave 
chamber prior to the addition of stearn. The addition of pressurized stearn elevates the 
temperature within the waste sufficiently to invactivate or kill the infectious agents. 
Stearn may exist in any of three forms; at a single temperature, with dry saturated 
team, and all water present is in the vapor phase. The steam is referred to as wet 
when the heat content is insufficient to maintain all water present in the vapor phase. 
Super heated steam is water entirely in the gaseous phase, but at a higher temperature 
then tbe dry steam. Dry steam is most commonly used in steam sterilizers. Wet steam 
is unpopular for use in autoclaves since the total heat content is lower than dry steam. 
Superheated steam is avoided since the heat content is not readily available until the 
steam has cooled and subsequently reached saturation. Infectious agents such a spores 
are also more susceptible to moist heat then to dry heat . In order to operate the 
autoclave to maximum benefit, the following consideration should taken into account : 
1 - All excess air should be easily removed form the main chamber. Trapped air 
dilute the steam and lower penetration of waste. It is therefore recommended that all 
bottle caps be loosened prior to placement in an autoclave and all-heat resistant 
package be opened. 
2- Low density of waste is easily penetrated by steam and reqUlre a short 
period of time. Body parts, however, are not easily penetrated and require prolonged 
residence time. It is essential that wastes be maintained at the required temperature and 
specific residence time to adequately treat the waste. 
The operative should be familiar with the specific wastes, and the operational 
limitation. Periodic monitoring of equipment and treated wastes is essential for 
effective quality control. Pressure gages and thermometers should be monitored 
throughout each treatment. As Wagner ( 1 99 1 )  has reported, in the autoclave 
operation, waste is hydraulically fed into the solid waste hopper, where steam 
penetration and sterilization are accomplished. When the autoclave filled with 
shredder, the disinfected waste is compacted with the general refuse from the health 
care facility and automatically fed into a refuse bin or trailer for hauling to a solid 
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\ aste facility The risk of workers exposure to sharp, fluids and other contaminated 
material is low because operators are not exposed to the treated medical wastes. The 
auto cia e-compaction process reduces the waste volume by 60%, with a reduction of 
up to 80 % possible if corrugated cardboard and other recyclable materials are 
separated form the wastes. As with most autoclaves, live steam form existing boilers in 
a facility can usually power the unit, so no separate fuel source is needed. 
Wagner ( 1 99 1 )  has also reported that the capital and operating cost is less than 
that of the incineration' the unit have an expected life time of 1 5  years. The process of 
autoclaving is widely used for the sterilization of surgical and bacteriological 
equipment, so expertise should be available for the operation of the apparatus (Coad, 
1 994). This treatment method is widely used for small quantities of wastes, such as 
laboratory wastes (i .e .  culture dishes and discarded syringes contaminated with blood). 
In tbis case segregation of the waste has to be done effectively, waste intended for 
autoclaving should be collected in the blue or the transparent sacks and avoid using the 
polyvinylchloride sacks (PVC) which permit steam penetration. The size of apparatus 
and load of waste affect the length of time required. For effective sterilization, the 
recommended condition as suggested by Lee et aI . ,  ( 1 99 1 ); is processing material with 
saturated steam at 1 2 1 °C for 1 5-20 minutes to ensure 99.9% reduction in the number 
of viable spores of Bacillus Stearothermophilus. Therefore, steam sterilization is 
limited in the type of waste it can treat and dependent on the timeltemperature 
relationship. If the apparatus is not operated on a controlled and standard condition; 
complete destruction of pathogen cannot be guaranteed. The main disadvantages of 
the process, although it is generally cheaper and less polluting than incineration; that 
the process do produce odors and the end product of waste does not changed in 
appearance unless the autoclave is equipped with shredder. 
2 . 1 2.4 Chem icaJ Disinfection 
Chemical disinfection processes involve soaking medical waste in a liquid 
chemical disinfectant. The disinfectant breaks down organic materials and destroy 
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infectious agents through the adjustment of its concentration and the time of contact 
(Lee et ai , 1 99 1 ) . Preliminary milling and shredding of the waste is required, which is 
then called the mechanical chemical disinfection, usually sodium hypochlorite is used 
(i e. chlorine bleach). This technology has been available commercially since the mid of 
the 1 980s and by the year 1 990, about 40 of the smaller disinfection units, primarily 
for sharps were in use in the United States; as Wargner ( 1 99 1 )  has reported. If 
chemical disinfectants are cheap and readily available on the local market, chemical 
disinfection will be the cheapest method of treating medical wastes. A potential 
disadvantage of this technology is the risk associated with the handling, storage, and 
the use of chlorine or any other chemicals used. Also the equipment has many moving 
parts, which in tum mean high levels of maintenance and increased occupational 
expo ure In addition, Wargner ( 1 99 1 )  has stated, that there is no standard protocol to 
evaluate the efficiency of the system. This process creates a liquid waste, contains high 
quantities of chemicals and, requires a waste water discharge permit from the local 
sewage district. However, chemical disinfection reduces waste volume form 60 to 
90%. Also Coad ( 1 994); has outlined the uncertainties in disinfection, and because of 
this he recommended that medical wastes that have been chemically disinfected could 
continue to be treated as hazardous, unless careful bacteriological testing has shown 
that disinfection is completed. 
2. 1 2.5 Mechanical Treatment 
Waste can be ground, and crushed usmg hammermills or shredders and 
effectively discharged to sewer in order to reduce its volume, as well as reducing 
storage, transport, and handling cost (Cross, 1 990a). 
According to Coad ( 1 994), this method is mainly established for destroying 
sharps in order to prevent unsafe reuse of discarded syringes. It is unlikely to use this 
method for shredding of recognizable anatomical wastes because it may expose the 
operators of the machinery to unacceptable risks from blood-borne pathogens. 
However, there is some concern that the processing of syringe-needles could produce 
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highly contaminated aerosols (aerosols are fine droplets that remain suspended in the 
air for a long time). There may be a risk of spread of infection via these aerosols. 
Some of those mechanical treatment method used in combination with an 
oxidizing fluid, such as hypochlorite solution, in which it is called "hydropulper" . The 
waste is fed into the top of the unit where it is pulped with a hammermill, while it is 
sprayed with a chlorine solution. An extractor then removes the liquid form the pulb . 
The pulb then can be disposed of at a sanitary landfill and the liquid can be directly 
discharged to the public sewerage system (Cross 1 990a). If this treatment procedure 
is used, sewerage facilities will have to disinfect the sewage before a safe effiuent can 
be discharged back into the environment . 
Disad antages of this treatment method are' that high quantities of suspended 
solids and chemicals are discharged to sewerage system. If there is a regulation on 
liquid discharge to sewer, pre-treatment and dilution is required before discharge 
which need another facilities and operators. In addition, this method is not suitable for 
all kinds of medical waste, although it can reduce the size of waste generated and keep 
it accepted for landfill. 
2 . 1 2.6 S terilization Using Radiation 
The traditional technologies of waste disposal, such as landfilling and 
incineration are facing a challenge in Europe and the United States due to the toxic 
emission of incineration and the scarcity of landfill sites. The new technology is the 
disinfection of waste by using irradiation using direct source such as cobalt-60 or by 
heating the waste with conventional microwaves that emit electromagnetic radiation 
such as x-rays or gamma-rays to a maximum temperature of exposure of 950C- 1 00°C . 
This method has been first introduced in West Germany several years ago and has been 
in use there botb on-site and in mobile units (Cusack and Taitz, 1 992). 
The method as described by Cusack and Taitz ( 1 992), starts by feeding the 
waste automatically to the system, then preliminary milling or shredding is required not 
for aesthetic reasons only, but also to improve disinfection. The granulated waste is 
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moistened with high temperature steam and placed In  the chamber, where the 
generator uniformly disinfects each granule. After processing, the material is 
unrecognizable as medical waste and readily accepted for dumping in municipal landfill 
sites. Since there is no liquid discharge through the process (the small amount of water 
used is absorbed into the waste residue) a sewer connection is not necessary, The 
whole process can be done automatically. A hydraulic hoist lifts the waste container 
and tips the waste into the hopper at the top of the unit, so occupational exposure of 
waste can be reduced. The microwaves heat the waste to a temperature between 950C­
l OOoC, with a minimum time of 30 minutes, in which treatment can be accomplished. 
Sensors and microprocessors can control the entire process; ensuring proper 
treatment time and right temperature throughout .  The waste is reduced to about one­
fifth of its original volume. The only models currently available in the United States 
and in Europe are designed for capacities of 1 50 kg/h and 250 kglh (Cusack and Taitz, 
1 992). 
The microwave machine was put under trial period of five and half weeks 
during the year 1 993;  by Galbraith and Clark ( 1 993);  to assess the suitability of the 
technology as an alternative means of rendering the bulk fraction of clinical waste safe. 
The results obtained from this investigation; that the micro-biological tests confirm its 
ability to pasteurize, but not sterilize clinical waste. However, the total bacterial viable 
counts performed on the waste input and the residue indicated an average reduction of 
99%. However, Hall ( 1 994), has reported, that re-growth of some surviving bacterial 
populations might be anticipated to occur in the warm moist resides of this process, 
ever if cooled rapidly. 
Wagner ( 1 99 1 ), has il lustrated some of the advantages and disadvantages of 
the microwave technique. The machine is  not suitable for all kinds of wastes generated 
in hospitals; pathological, radioactive and pharmaceutical wastes along with sharps 
must be excluded from the machine, inspite of the high cost of the initial investment 
and operation. The main advantages, are that there is no adverse environmental impact 
through operation; and that the automatic control system for loading and unloading 
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lncrea e performance and decreases occupational exposure. However, only skilled 
personnel can operate the system which may require special handling, cleaning and 
maintenance. 
2 . 1 2. 7  Other Trea t m en t  M ethods 
These depend mainly on the sterilization of waste using gaseous or vaporized 
chemicals .  One of these methods as reported by Hall ( 1 994); is the thermal 
inactivation. In this method the heat transfer is utilized to provide conditions that 
reduce the presence of infectious agents in wastes. the temperature and holding time 
depends upon the nature of the pathogens present in the wastes. Another method is 
the gas/vapor sterilization, which is an option that may be used for treating certain 
infectious waste. In this method, the sterilizing agent is a gaseous or vaporized 
chemical, the two most commonly chemicals being used, are ethylene oxide and 
formaldehyde This method may introduce risk to workers due to potential hazards 
from chemical exposure. 
2. 1 3  Disposal Options 
Disposal is taken to mean the placing of the waste in i ts  final disposal place, 
either treated or untreated type of waste. Due to the wide range of medical or clinical 
waste categories as mentioned in the previous sections, there is no one method of 
disposal which is totally satisfactory for all categories of waste. The disposal route for 
each category of waste should be clearly identified in the clinical waste policy. The 
effective segregation of waste at their point of generation is essential if the correct 
disposal method is to be applied to each category. Suitable method for the disposal of 
each category of waste will be discussed below as recommended by the WHO ( 1 985)  
report, and the disposal option for various types of  waste will be  summarized. 
General waste; no special treatment is required for this waste, which can be 
disposed of via the municipal waste stream. Using municipal incineration, will be much 
less expensive than the specialist incineration; or using municipal landfill sites. 
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Segregated schemes must be adequately controlled to ensure that it is only the non­
infectious type of waste and non-hazardous one is being disposed of via this route. 
Pathological waste; treatment by the previous methods is required before 
disposal However, incineration is the preferred method for treatment . 
Radioactive wa te; methods for disposing radioactive waste, even if small 
quantities of waste is generated are discussed in details in sections (2 . 1 0). 
Infectious waste,. treatment is required by one of the previous methods, then 
disposing of safely in landfill sites. 
Sharps,. treatment by one of the previous methods, then disposing of safely in 
landfill sites. 
Pharmaceutical waste,' aU unwanted or outdated pharmaceutical products 
should be returned to the pharmacy, which will determine the most suitable method of 
disposal (e.g. incineration or return to supplier). 
Pressurized containers; these may be disposed of in landfill or by recycling. 
Chemical waste; non hazardous chemical waste may be disposed of along 
with general waste, but special measures are necessary for chemicals of hazardous 
character, which can be recycled whenever feasible and economic .  
2 . 1 3. 1  Landfill 
Landfill is a satisfactory disposal route for a large amount, but not aU, clinical 
waste. Layne et ai . ,  ( 1 988);  as quoted by Lee et aI . ,  ( 1 99 1 ); recommended the landfill 
disposal of infectious waste only following incineration or sterilization. Recent data 
indicate that about 1 1  % of hospitals in the United States dispose of their infectious 
waste directly to landfill without prior-treatment. Recommended protocols suggested 
by the CCME ( 1 992), should be followed for the handling of decontaminated waste at 
landfill sites, such as : 
- The generator of waste should provide the landfill site operators on the 
details of waste (i. e .  nature of waste), quantity of waste, and time of delivery. This will 
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provide the employee with the needed information to be aware of risk and health 
hazards. 
- Decontaminated waste should be buried immediately upon receipt . 
- To prevent direct contact with compaction equipment or other equipment 
operating at the surface, the waste should be covered with either earth or their non­
infectious waste at the site. 
- Instructions and training are needed for employee on the correct way of 
handling and disposing the hazardous and infectious waste. 
The recommendation for a well-run landfill as illustrated by Coad ( 1 994), 1S 
that there should be a special landfill cell for the hazardous medical wastes. This 
arrangement would allow close supervision of the operation. A 500 mm thickness of 
cover material could be placed over the waste to isolate it from vermin, landfill 
vehicles from disturbing, and against scavenges. Landfil l  sites dealing with clinical 
wastes should not be used for other types of wastes. They should be located in a 
secure place, sighted away form water courses, groundwater resources, housing, or 
cultivated land; and should not be in areas which may be subjected to flooding or 
erOSlOn 
Municipal landfills in many developing countries mostly fal l  short of accepted 
operational standards. The main problem associated with disposing of hazardous 
medical waste on a municipal disposal site is  the difficulty in control and supervision. 
Where disposal is  by combination of incineration and landfill, a rigorous and effective 
segregation of different types of waste is essential to ensure that no waste destined for 
incineration is landfilled. Containers should be readily distinguishable from those 
distend for incineration and separate storage facilities should be provided for yellow 
sacks with black stripes, as recommended by the HSC ( 1 992). The u . K. DOE 
( 1 99 1 d), has suggested that the producer is under an obligation to ensure that the 
landfill site is  appropriately licensed for the specific types of clinical waste it is 
expected to receive. 
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Burying on the site is feasible only if the hospital premises are big enough, and 
if the ground is relatively impenneable, and if there are no shallow wells in or close to 
the disposal area. S ince sharps are the main concern for hospital employees, a system 
can be sued of the disposal of sharps in smal l health centers, by creating circular pit, 
lined with brick or concrete The pit is covered with heavy concrete slab, which is 
penetrated by a galvanized steel pipe, projecting about 1 . 5  m above the slab, with an 
internal diameter of up to 20 mm. Needles and scalpel blades only are dropped down 
inside the tube and fal l  into the pit . When this is full it can be sealed completely; after 
which another pit is prepared (Coad, 1 994). 
2. 1 3.2  D ischarge to Sewer 
The sanitary sewer system is an acceptable method for disposing of untreated 
fluid blood, suctioned fluids, excretions, and secretions. However, this  method can be 
used as well for disposing of the grounded solid waste (CCME, 1 992). 
Maceration followed by discharge to the sewers, particularly of bedpan liners, 
has been widely practiced in the UK hospitals .  Modem maceration have lightly locking 
lids to prevent the emission of aerosols. Overloading is however, difficult to allow for 
in the design of the equipment . Spatula and plastic items places in the maceration will 
also reduce the cutting efficiency of the blades. The discharge of mercury in aqueous 
effluents from hospitals, dental establishments and similar premises to sewer or surface 
water must be controlled and minimized (HSC, 1 992). The adequacy of this method 
will depend on the local condition of the sewer system, and its efficiency for handling 
such type of waste. However, this may present a risk to the sewer employee especially 
in the case of an outbreak or other endemic disease, as well as, it will affect the 
efficiency of sewage treatment works due to its content of high suspended solids or 
toxic chemicals. A type of pre-treatment or disinfectant solution, with sufficient 
strength can be used, although it could give rise to corrosion problems. 
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2. 1 4  Waste Reduction 
One of the highest priorities for hazardous waste management is to reduce the 
volume of wastes generated. This goal requires extensive analysis of waste streams and 
source reduction approaches, as illustrated by the California Dept . of Health Services 
( 1 988), the U. S EPA ( 1 990), Newton ( 1 990), and Rice ( 1 988); as quoted by Hatfield 
and Ott ( 1 993) .  The benefits of source reduction according to Freeman ( 1 990), as 
quoted by Hatfield and Ott ( 1 993); are well documented and include reduced disposal 
costs decreased liability, and improved worker safety. Where Laura ( 1 988) has stated, 
as quoted by 1acknight ( 1 993), that the quantity of medical and infectious wastes is 
increasing mainly because of medical advances and the over dependence in the medical 
community on disposable items. In one of the west Virginia hospitals, approximately 
85% of the purchased medical and surgical supplies were disposable. However, it is 
still cheaper to use a disposable syringe and throw it away than it is to clean and 
sterilize a reusable one. Also, it is possible that health care workers place more trust in 
the sterility of the commercially provided item that comes securely wrapped in plastic 
or paper, than the towel-wrapped device, sterilized by the in-house supply or house 
keeping staff 
Recommendations for another aspects of waste management in health care 
facilities, include the comprehensive waste reduction program to be addressed in the 
management process. Implementation of waste reduction strategies leads to a source­
reduction approach to waste management whereby the creation of waste is avoided 
and its by-products are recycled as much as possible. In order to operate this 
efficiently, an appropriate segregation program should be considered. Waste 
management needs must be considered when planning to purchase new products or 
change operational procedures (e.g. quantity and type of waste product, disposal 
costs, and disposal method, etc .) .  Recently, the reduction of waste from health care 
facilities has focused on the potential replacement of medical and surgical supplies with 
reusable supplies. Where possible, and consistent with patient safety, replacing single 
use/disposal items with reusable products should be considered (CCME, 1 992). 
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The key strategies for waste reduction as illustrated in the "waste minimization 
paper" which was submitted in the UNEPIWHO regional workshop on "Medical 
Waste Management in West Asia " held in Sharjah, ( 1 994), are as follows: 
1- Keep individual waste stream segregated; 
- hazardous form non-hazardous (All waste contaminated with hazardous 
substance becomes hazardous), 
- chemical from infectious, 
- recyclable from non-recyclable, and 
- minimize dilution 
2- Identity the chemicals and waste clearly marked on containers. 
3 - Improved management and control practices through; 
- centralized purchase and dispensing of drugs and hazardous chemicals, 
- monitor drugs and chemicals flow from receipt to disposal, and 
- appropriate waste management costs 
4- Improve inventory control by; 
- use old stock before ordering new, and 
- order hazardous chemicals only when needed. 
5- Provide employee training in hazardous materials, management and 
minimization. 
- chemical hazards; 
- spill prevention; 
- prevention maintenance; and 
- emergency preparedness, response clean up. 
6 - Implement waste reduction program 
7 - Estab lish internal recycling program. 
8 - Other approaches to waste management through: 
- all new material tested in small quantities; 
-encourage drug and chemical suppliers to become responsible partners 10 
waste minimization program; 
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- quick deli ery of small orders; 
- accept return to un-opened stock; and 
- offer off-site waste management . 
In addition to the above, hospitals have opportunities for a significant waste 
reduction by changing from disposable to reusable items. 
Recycling which is using the waste as raw material, is not an acceptable option 
in many cases due to the risk posed by such kind of waste. The basis of successful and 
effective recycling of health care waste is the effective segregation of waste. Hospital 
recycling programs will vary because of, the difficulty of collection, and the value of 
the recycled materials. 
Some raw materials, not classified as hazardous waste can be recycled. 
According to the Commission of the European Communities Act (CEC) on their 
report ( 1 993) ;  the first safe target to be recycled is  the office paper . However, this will 
depend on the extent of recycling and the local market condition. Other materials, such 
as aluminum cans, tin cans, discarded batteries (used batteries of various types, such as 
mercury, cadmiu� nickel and lead-acid, may be sold for the recovery of reusable 
materials), plastics, food wastes, and glasses could be recycled (Cross et aI . ,  1 990b). 
Another metals, such as chromium, which can be recovered form the chromic 
acid used in cleaning of the glassware in laboratories. Furthermore silver and mercury 
can also be recovered from the photographic developing solutions from radiology 
department for the first metal, and from mercury equipment, such as thermometers 
and manometers; for the other one. Waste oil used in lubrication may be sold for 
recovery or used as a supplementary fuel (WHO, 1 985) .  
There are three aspects in the re-using of materials; re-use of  single-use 
material devices and equipment for the same purposes, extended re-use of reusable 
devices and reuse of medical equipment for non-medical purposes. This can be done 
through the co-operation between the medical administration and the manufacturer. 
Misusing of the product is the responsibility of the medical team, therefore, the 
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manufacturer should have the knowledge of any extent in using to provide the safest 
recommendations and modifications (CEC, 1 993 ). 
Re-use of medical devices and equipment for non-medical purposes e.g. reuse 
of scalped blades for craft purposes, is less problematic. However, the success of such 
scheme depends on the effective segregation and availability of suitable cost effective 
treatment method . In the future, perhaps manufacturers should design more of their 
products for re-use and less for single-use (CEC, 1 993) .  
Examples of materials which can be re-used, is the used solvents, such as 
toluene xylene, acetone and some alcohol's, which, if discharged into sewers can 
cause serious problems .  Solvents can be redistilled for re-use. Such solvents should be 
collected separately and labeled by their chemical name. A suitable collection vessel is 
safety container of protected glass, metal or polyethylene designed for flammable 
solvents. Hazardous flammable organic solvents; can be used as fuel after being mixed 
with other fuel; unless they are highly toxic or give off toxic products of combustion 
(WHO, 1 985) .  
Recovery of material and energy can save money, and resources. Energy 
recovery can be through the on-site incinerator boilers, which provide steam used for 
hospital laundry, hot water for the kitchen and laboratories water bath. The fuel or 
electricity which can be spent by these services is replaced by the waste fuel recovery 
system and therefore, conserve a non renewable resource (Cross et ai . ,  1 990b) .  Many 
waste laboratory solvents l isted as hazardous chemicals under the RCRA regulation; as 
quoted by Doyle ( 1 98 5 ); can effectively reused for heat recovery, such as boilers or 
incinerators fuels. Those solvents do not usually generate hazardous combustion by­
products if properly burned with an efficient combustor, since they are not 
halogenated. Some of those solvents are listed in Table (2 . 9) . However, energy 
recovery is not an available option, since the waste may give insufficient energy to be 
recovered. 
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Table (2 .9) : Laboratory Solvents which can be  Reused 
Acetone Methyl alcohol 
2-Butanol Methyl cellulose 
Butyl alcohol Pentane 
Cyclohexane Petroleum ether 
Diethyl ethane 2-Propanol 
Ethyl acetate Sec-butyl alcohol 
Ethyl alcohol Tetra-butyl alcohol 
Heptane Tetrahydrofuran 
Hexane Xylne 
Source: Doyle ( 1 985) .  
2. 1 5  Legislation 
As long as modern medicine continues to maintain and improve current 
standards for quality of life and wellness, the medical industry will continue to produce 
various wastes which may potentially adversely affect public health and the 
environment . According to Macknight ( 1 993), in order to solve these shared problems, 
the government and legislators, industry, environmental groups, the legal professions 
and the health care profession must all cooperate to make regulation of medical waste 
true. Therefore, there is a need for a law to cover all medical waste generated in all 
health care establishments no matter how small it is. The law should include all the 
waste management aspects such as the handling, storage, transport, treatment and the 
final disposal system. 
2 . 1 6  Sum m a ry 
Waste management aspects including, storage, handling, transportation, 
treatment and disposal are not well defined in the U . A. E, and there is no guidelines and 
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policy to control the infectious and hazardous waste generated at health care facilities. 
At present, each hospital follows it own practice; no uniform waste management 
schemes have yet been established . No documented information available on infectious 
disease resulting from contact with medical waste, and no data available on the 
quantities of medical waste generated in the u. A. E .  Incineration, is the only available 
method used for the treatment of infectious waste, but this method is facing growing 
concern due to its toxic air emission. Landfilling can be an effective method for 
disposal of infectious waste, if it is done under adequate operation, control and 
monitoring 
Proper handling and disposal should be regulated by the Ministry of Health and 
the Federal Environmental Agency in the U A.E .  There are many questions which need 
solution such as; hazardous waste; inventories; incinerator performance; quantities; 
and the urgent implementation of a strategy of handling and disposal . 
C H A PTER I I I  
METH ODOLOGY 
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One of the objective of this study is to assess the existing situation in the 
U A E health care establishments regarding waste generation, collection, handling, 
treatment, and dispo al practices; so as to identify the common pathways for human 
e posure. The ariations in waste quantities were also monitored in one of these 
facilities. 
In order to propose the effective treatment method required for the safe 
disposal of the hazardous hospital waste, performance of the existing treatment 
method (i e incineration) was evaluated, through the experimental analysis of residues 
for the detection of heavy metals; rather than the destruction of microorganisms. 
3. 1 Data Collection 
3. 1 . 1  Literature Review 
In order to propose meaningful management schemes and practices, a literature 
review has been conducted to gather more information on the handling practices, 
disposal methods, regulations, and guidelines followed by other countries and 
recommended by the international environmental organizations. This background is 
needed to help making logical judgments about the hazards associated with the 
existing practices 
The task started by faxing the World Health Organization (WHO), their main 
office in Geneva, their Regional Office for the Eastern Mediterranean (EMRO) in 
Alexandria, and their Center for Environmental Health Activities (CEHA) in Amman, 
requesting information on hospital waste, statistical data on quantities of waste 
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produced in different countries, and number of injuries and disease transmission by the 
contact with medical waste 
A computer earch was also conducted to aid in determining the risk to human 
populations associated with infectious waste in the environment . The search focused 
on the infectious waste generation, handling, storage, transport, treatment and disposal 
practices The printed articles and conference papers were obtained and reviewed. 
3. 1 .2 Site Visits 
To gather more information on the existing situation in the UA.E health care 
facilities; site visits were conducted to some of the major hospitals. The hospitals 
visited and the number of visits are illustrated in Table ( 3 . 1 ) . 
Table (3 1 )  Number of Site Visits Done for Health Care Facilities in the U A. E .  




















1 0 1 




Direct contact with the responsible personnel at each hospital is important and 
helpful in assessing the risk of disease transmission to human from the existing 
handling practices or to the environment from the lack of treatment methods. An 
interview with the infection control personnel, the preventive medicine personnel, or 
any employee responsible for the collection, handling, and treatment of waste, was 
conducted to discuss the flow of waste from point of generation to point of final 
disposal . They were requested to provide an estimation of their hazardous waste 
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quantitie and a cop of their policy or guidelines they follow, if such guidelines are 
a ailable. A pilot study was done in AI Qassimi hospital to monitor the variations in 
waste quantities, different types and colors of bags or boxes used, daily number of 
bag , and the total weight of waste quantities, for both types of waste (i . e . hazardous 
and general waste) AI Qassirni hospital was selected because, the hospital operates an 
incinerator which serves not only this hospital but also, Kuwait hospital in Dubai, and 
Kuwait hospital in Sharjah, and this wil l  include representative samples for the three 
hospitals The pilot study was conducted for a period of approximately three months. 
A one week variation, two week variation, and one month variation of the hospital 
wastes were all evaluated . In addition a one week variation was considered sufficient 
to evaluate the general refuse. The study was performed during the last two weeks of 
ovember ( 1 994) the whole month of December ( 1 994), the first week of January 
( 1 995), and the first week of February ( 1 995)  
The yellow bags contain mainly operation theater wastes ( i . e. pathological 
wastes) and wastes from highly infected areas, the black bags contain infectious or 
contaminated wastes and wastes from treatment rooms ( i .e .  cotton, gauze, apron, 
gloves, etc. ) the white bags contain laboratory wastes ( i . e . discarded samples, Petri 
dishes, contaminated gloves, etc. ), and the yellow box contains discarded syringes and 
other sharps. The total number of inpatients, outpatients, the total number of beds, and 
the total number of staff ( i .e .  physicians, technicians, and administration staff) were all 
requested from each hospital and recorded; in order to determined the relationship 
between the quantity of waste generated and the number of daily patients, and of the 
number staff. 
3. 1 .3 Questionnaires 
A two page questionnaire was developed for data col lection in this study. The 
questionnaire focused on general facility information, existing federal or local 
regulations, or internal guidelines; quantity of waste generated ( i .e  infectious or 
hazardous waste identified by this facility); waste handling practices for each category; 
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segregation, type of treatment or pre treatment avai lable; and the final disposal Refer 
to Appendix (A) for a copy of the questionnaire used in this study. Sixty copies of the 
questionnaire were faxed and! or mailed to facilities identified as potential generators 
of medical wa teo 
The selection of health care facilities considered in this study was dependent 
upon two factors First, the hospitals selected are the main ones at each of the U A E 
emirates, which are meant to provide a representative sample. Second, the clinics 
selected, most of them are located in rural areas, are meant to detect any variations in 
handling practices between urban and rural areas. This is necessary since the medical 
services in some way vary due to the variation in the quality of life, and this may be 
reflected on the awareness of the hazards associated with improper disposal 
For the clinics and hospitals located in major cities the questionnaire was 
delivered to the responsible personnel, where for the long distance ones, the 
questionnaire was faxed or mailed or information was obtained through a telephone 
contact . 
3.2 Experimental Techniques 
Another objective of this study was to evaluate the performance of the existing 
treatment methods. Incineration is the method used to destroy the organic constituents 
of hazardous waste, with the assurance that the end product is a sterile material, and 
can be handled and disposed of as ordinary waste. However, if the resulting ash has a 
character of hazardous waste, that means the use of this approach for treatment has 
not been completely successful .  
A study was conducted by  Avina and Esposito. , ( 1 993)  for controlling 
particulate matter on test burns at a medical waste incineration facility in Baltimore . 
They found that it contains high concentrations of heavy metals, which in turn may be 
found in ash constituents, whereas Peters ( 1 99 1 ); has reported that metals most often 
monitored in flue gas emissions for incinerators are lead (Pb), arsenic (As), cadmium 
(Cd), copper (Cu), nickel (Ni), and chromium (Cr). The U . S  Environmental Protection 
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gency (EPA)" as quoted by Sadler ( 1 993 ); has identified 1 2  toxic metals that pose a 
potential hazard to human health and the environment . Those metals are shown in 
Table (3 2) five of those metals have been identified as suspected carcinogens. These 
are arsenic, beryllium, cadmium. hexavalent chromium, and nickel . 
Table (3 .2) : Toxic Metals Identified by the USEPA 
Arsenic Barium 
Beryll ium Lead 
Cadmium Mercury 
Hexavalent Chromium Selen ium 
Nickel - Silver 
�ntimony Thal l ium 
Source: Sadler ( 1 993) .  
S o  this part of the study addresses a means of monitoring ash disposal and the 
risk assessment posed by incineration effluents;  the bottom residues (ash). The 
assessment was based on the detection of heavy metals in ash effluents. This is done 
through: 1 )  identification of metals which may be present, 2) extraction of those metals 
into an aqueous solution for determination, and 3 )  comparison of predicted 
concentrations levels to the standards to determine the potential for human hazard. 
Metals can enter the combustion process through waste stream with other 
organic materials .  Rizeq et al . ,  ( 1 993);  have reported in their study on the behavior of 
metals in combustion processes; that metals are usually present in  a waste as inorganic 
compounds. They can not be destroyed in an incinerator and, therefore, the metals 
must exist a waste combustion system by any of several pathways. Most of the metals 
in a waste pass through the incinerator relatively unchanged and remain with the 
residual ash. Hillary et aI . ,  ( 1 993); has stated that the combustion process can 
transform the chemical specification of the toxic metals, and make it either more 
hazardous or more available to the environment, than the initial form in which it was 
introduced The combustion process wil l  also transform the physical particle size, in 
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which the metal lea es the incinerator with the fly ash If the particles size are very 
small, they may be extremely difficult to collect and isolate from the environment 
Another tudy done by Elghrn et aI , ( 1 992);  as quoted by Merdinger et al . ,  ( 1 993 ), 
has indicated that leaching of metals into soil materials is a multi solute-multi phase 
heterogeneous dynamic system At the fundamental levels leaching is a function of the 
specific surface area of the residue particles. Depending upon the specification and the 
mineralogy of the elements in sample, the fraction available can vary greatly. Elements 
present as simple salts are usually highly leachable and elements present as more 
comple precipitates may be much less soluble However, Major and Amos ( 1 993); as 
quoted by Merdinger et aI . ,  ( 1 993 ) as well; have reported that the incineration 
enhances the leaching characteristic of metals by their multiple actions, such as: 
• Elimination of ligand binding sites responsible for much of the retention of metals 
into soil 
• Oxidation of the metals .  
These actions have the potential to increase both the mobility and the 
bioavailability of these compounds Clapp et aI . ,  ( 1 988), and the U .S .  EPA ( 1 987); as 
quoted by Merdinger et ai , ( 1 993),  have reported that cadmium and lead tend to be 
the metals that most often exceed the Toxicity Leaching Characteristic Procedure 
(TLCP) in any leachate of municipal solid waste ash. 
3.2. 1 M aterials 
3.2. 1 . 1 .  Sources and Characteristics of Residues 
The ash is  the material remaining after the combustion process, which is the 
bottom residue for any incinerator. Medical incinerator ash has a dark gray color; 
contains many undestroyed materials such as broken glass, burned sharps with the 
physical character unchanged (i .e .  blades and needles), and the remaining is a fine 
powdery material . 
The ash was collected directly from the incinerators (after it has been cooled to 
avoid contamination with soil or other residues); of four major hospitals functioning in 
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the AE The ho pitals chosen for this study, their waste quantity, incineration 
temperature, and the capacity of their incinerators, are all illustrated in Table (3 3 ). 
Table (3  3 )  Hospitals o n  which Ash Analyses were Conducted 
District Hos ital vemperat_u_re-'-o_c-'4--c=-a:=...:.'-'-'-.:..<--.>.:...C>L.:..C.Lf-=:....=-:..:� _---"-''''--'y 
Abu Dhabi AI Jazira_ 1 20_0+-1 __ 
Dubai IAI Wasa_1 --T"-____ 1_0_00--T"-___ -=='-"---t ____ --'--=--=-:=--l 
Shar"ah AI Qassim i  1 000 200 I -4----��----�� 
AI Ain Tawam � 1 000 I 309 -�---��----�� 
3.2 . 1 .2 Sampling Proced u re and Sam ple Preparation 
The sampling procedures depend on the de-ashing system followed in that 
particular hospital . For example in AI Wasal hospital in Dubai, a daily sample of ash 
was collected representing different feed combustion processed for a period of two 
months, where a weekly sample of ash was collected in AI Qassirni hospital in Sharjah 
also represents different feeds Because the de-ashing is done daily in AI Wasal 
hospital and weekly in AI Qassimi hospital Various ash samples were collected from 
AI Jazira hospital in Abu Dhabi and Tawam hospital in AI Ain resulting from the 
mixing of different combustion feed. 
The ash collected from AI Qassirni and AI Wasal hospital was light gray, while 
it was dark moisten ash in the other two hospitals; due to their dependency on the wet 
cleaning method for the de-ashing Therefore, the ash from the last two hospitals 
required drying in an oven at 1 1 0°C for two hours. The collected samples were 
grinded manually; due to the difficulty of using machine grinder * ; to ensure 
hemogenicity as possible. 
*No.te.: machine grinding was not possible in t h is case, because the ash was not 
checked for its sterility; and may contain infectious agent, or unburned organic 
matter. There is a possibility of risk from the i nh alation of aerosols. 
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3.2.2- M ethods 
3.2.2. 1 - Preliminary Treatment of Sam ples 
The ash contain small amounts of organic matter and other inorganic 
particulate "Total metals" includes all metals, inorganically and organically bound To 
anal ze those metals, sample has to be digested to introduce metal into aqueous 
solution for determination, A 1 5 gm of ash sample was placed in polypropylene 
Erlenme er flask, then the ash was dissolved in a minimum quantity of cone. lING3 
and warm water (deionized water), or until the reaction stops. The diluted sample was 
filtered and adjusted to a known volume ( 500 ml) (be sure that the solution is free 
from suspended solids). This method is approved by standard methods committee; as 
described by Greenberg et al . ,  ( l 98 5 )  During pretreatment avoid contact with rubber, 
metal based paints, cigarette smoke, and all metal products including those made of 
stainless steel, galvanized metal and brass. Plastic and glass containers are 
recommended for the storage of the prepared samples waiting for analysis. 
Report results on dry basis of ash as follows. 
Metal concentration, mg/kg ( dry-weight basis) 
= ((A x B ) / g sample) x ( l OO / D) 
where: 
A = concentration of metal in digested solution, mg! L, 
B = final volume of digested solution, mL, and 
D = total solids, % 
And where, the ash was completely dry (D = 1 00), the metal concentration 
(mg/kg ash), will be reported as follows. 
= (A x B) / g sample 
To report metal concentration expressed in (ppm); results wil l  be as follows. 
Metal concentration, mgIL = A x (B/ C) 
where 
A = concentration of metal in digested solution, mg! L, 
B = final volume of digested solution, rnL, and 
C = sample olume, rnL 
Suggested sample volumes are indicated below as illustrated by the standard 
methods committee as described by Greenberg ( 1 98 5), in Table (3 4) . 
7 1 . 
Table (3 . 4) Estimated Metal Concentration and Sample Volume Required . 
Estimated Metal Cone. (mg/L) I Sample Volume (mL) 
l-- 1 1 000 1 - 1 0  -1 00 
1 0-1 00 1 0  
1 00-1 000 i 1 
Source Greenberg et al . ,  ( 1 985 )  
3.2.2.2 Apparatus 
The resulting solution can be analyzed using atomic absorption spectrometer. 
Atomic absorption is  a physical process involving the absorption, by free atoms of an 
element, of l ight at a wave length specific to that element A liquid sample is sprayed 
into a flame. Light from a hollow cathode lamp is shone through the flame The atoms 
of the element being determined absorb radiation from the lamb . Absorption is 
proportional to the concentration of the element in the sample. A separate lamb is used 
for each element to be measured which makes the technique very specific and highly 
accurate. 
Atomic absorption is not an absolute analytical technique. As it is common 
with all analytical instruments, atomic absorption spectrophotometer needs to be 
calibrated with appropriate calibration solutions, so that the absorbance readings given 
by the sample can be related to the concentration of the analyzed element it contains. 
Therefore, a standard solution has to be prepared of known strength for each element 
to be determined 
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For each element there is a flame type that gives the best sensitivity. The most 
sensitive flame used for each element; wave length, lamb current, and the bandpass 
(om); are all shown in Table (3 . 5) .  This method for apparatus explanation is as 
illustrated by Milner and Whiteside ( 1 984). 
Atomic absorption technique has been used for the determination of lead (Pb), 
iron (Fe), copper (Cu), chromium (Cr), aluminum (Al), nickel (Ni), mercury (Hg), zinc 
(Zn), and cadmium (Cd). Problems associated with determining actual levels of 
hexavalent chromium led to the consideration of the total chromium in place of 
hexavalent chromium as a worst case assumption. Also an ionization of free atoms 
may cause a depression of the response and hence the presence of an easily ionized 
element gives an enhancement . The effect is eliminated by the addition of an ionization 
buffer (e g. 0 .2% w/v of potassium chloride is used for both sample and calibration 
solution as in the case of aluminum, iron and chromium). The first 20 samples for 
mercury and nickel determination have shown negligible levels or levels below the 
instrument sensitivity, therefore, detection of those two elements have not continued. 
Table (3 . 5) : Elemental Performance Data 
Element Wave Length (nm) Flame Bandpass (nm) Lamb current (mA 
Aluminum 309.3 N20/Acet I 0.2-0 . 5  6- 1 0  
,Cadmiu m  228.8 !Air/Acet 0 .4-0 .5  3-6 
'Chromiu m  357.9  l6i r/Acet 0 .2-0 . 5  5- 1 0  
Copper 324 .8 !Ai r/Acet 0 .2-0.5 2-5 
I ron 248.3 /6ir/Acet 0 .2-0 . 5  7-1 5  
Lead 21 7.0 !Air/Acet 0 .4-0. 5  3-6 
IMercury 253.7 /6ir/Acet 0.4-0 . 5  4-6 !Nickel 232.0 /6ir/Acet 0 .2 7-1 5 !zinc 21 3 .9 !Air/Acet 0 .2-0 .5  4-1 0  
Source: Milner and Whiteside ( 1 984) 
3.3 Data Analysis 
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The "minitab" software package was used for data analysis in this study The 
analyses were conducted in two stages At the first stage, basic graphical and tabular 
de criptions of data from the surveyed hospitals and clinics were prepared and 
reviewed to calculate the amount of hospital waste generated per bed, to be compared 
with similar values in other countries Descriptive measures (mean, standard deviation, 
minimum, and maximum) were calculated for the results from pilot study conducted at 
Al Qassirni hospital on waste variations A regression model was used to analyze the 
association among several variables, such as; the total wastes generated with the total 
number of inpatients, the total number of outpatients, and the total number of staff and 
patients During the second stage of analyses, three sets of model-based analyses were 
conducted At the first stage, descriptive statistics were calculated for metals 
concentration within each facility The second examined, the correlation of metals 
concentration using regression analysis to find the relation between different metal 
concentrations within each facility Third, standard analyses of variance (ANDV A) 
techniques were used to examine the variation of metals concentration across facilities 
and to evaluate whether these parameters varied with waste segregation or other 
different variables. A p value of 0 05 is chosen as a level of significance for this  study. 
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CHAPTER IV 
RESULTS AND D ISCUSSION 
4. 1 Response To Questionnaires 
Of the 60 questionnaires sent, a total of 39 (65 %) was completed and 
returned The questionnaires covered 3 2  percent of the total number of hospitals 
functioning in the U A E  and 4 percent from the total number of the health care centers 
and out patient clinics; all of them represent the public sector (i . e . the local and federal 
Ministry of Health) The response by the facibty type is shown in Table (4 . 1 ) . There 
was no response for mailed questionnaires, also there was no response by the private 
clinics Table (4 2) shows the miscellaneous attitudes and opinion portion of the study. 
Most of them show lack of awareness concerning infectious waste disposal . 
Table (4 . 1 )  Percent Response to Questionnaire by Facility Type 
I Faci l ity Type Sent Received Response (%) 
Hospitals I 1 4 1 1 4  1 00 
Health care centers & Cl in ics 46 25 54 
Total  60 39 65 
Table (4 2) Assessment of Participants' Awareness and Needs 
Miscel laneous items Percent Response 
Yes% No% 
Feel there may be problem with infectious 1 60 40 
waste handl ing and disposal in the UAE 
Facil ity has equipment and supplies to 36 64 
I properly handle infectious waste 
4.2 \Vaste Quanti ties 
4.2. 1 Hospitals 
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The hospitals surveyed ranged in size from less than 60 to more than 3 50 total 
number of beds. The results of the questionnaire from the hospitals surveyed are 
shown in Table (4 . 3 )  and Figure (4. 1 ) . The generation rate obtained from those 
hospitals expressed as a function of the total number of beds in that particular hospital 
was found to be 1 . 4 1  kglbedJday. And the annual rate of waste generation from the 
surveyed hospitals was approximately 1 453  tons/year. In the present investigation; 
wide variations were found between waste production and number of beds in the 
various hospitals. For instance, the mean of daily waste generation in Al Mafraq 
hospital is 500 kg/day, where it is in Fujarah hospital with the similar number of beds 
(200) is only 1 5  kg/day. Also the generation rate of Al Comishe hospital is 1 50 
kg/day; and 309 kg/day for Tawam hospital; in which both hospitals have a 220 
number of beds. However, this may depend on the occupancy of those beds, and the 
hospital identification of the hazardous waste. Combination between the data obtained 
by other study conducted by the Ministry of Health ( 1 994) as illustrated in Table (2 .6) 
with the data in Table (4 . 3 )  (questionnaire result) of waste quantities and number of 
beds in those hospitals as shown in Table (4 . 4), was used for the prediction of waste 
by knowing the bed numbers. The relationship found between waste production and 
number of beds is as illustrated in equation (4. 1 ) . The equation can be used for 
recommending the suitable treatment method and the required capacity by knowing 
waste quantity in the design for a new hospital . 
Wh = 3 .2 + 1 . 42 B ------------------(Eq 4 . 1 )  
where, 
W h = waste generated at the hospital (kg/day), and 
B = number of beds 
This relationship gives a correlation coefficient of 0 .62 which is considered 
satisfactory (p = 0.0008 < 0.05) .  As more studies are conducted on those hospitals a 
more comprehensive relationship will be found . Figure (4.2) presents this relationship. 
Table (4 .3) : Quantities of Waste at some of the UAE Hospitals 
District Hospita ls No of Waste Waste Pathalogi- I nfectious Sharps Pharma-
beds (kQ/day) (kg/b/d) cal waste waste ceutical w. 
Abu Dhabi AI Mafraq 200 500 2 .5  Red or Y. Yellow Y-box Black bags 
AI Jazira 320 550 1 .7 Red Yellow Y-box Black bags 
Central 250 500 2 .0  Yellow Yellow Y-box Black baas 
IAI Corniche 220 1 50 0.68 Yellow Yel low Y-box Black bags 
Dubai AI Wasal 366 1 000 2.7 Yellow Yellow Y-box Black bags 
Kuwait 1 75 1 00 0.57 Red orY Yellow Y-box Black bags 
Sharjah AI Qassimi 223 200 0 .9 Yellow Yellow Y-box Black bags 
Kuwait 203 350 1 .7 Yellow Yellow Y-box Black baQs 
Khorfakan 1 85 2 0 .01 Black Black no s-box Black baQs 
Ajman AI Zahra 57 1 00 1 .75 Black Black metal car Black baas 
Kuwait 94 200 2. 1 3  Black Black meta l  cal Black bags 
Al Ain Tawam 220 309 1 .40 Red or Y Yellow Y-box Black bags 
UAQ UAQ 1 20 5 0 .04 White White Y-box Black bags 
Fuiairah Fuiairah 200 1 5  0 .08 Yellow Yellow Y-box Black bags 
Total 1 4  2833 3981 1 .4 1  
.. Those hospitals are using off-sites i ncinerator facil ity (using other hospitals incinerator) 
.... Storage pending decay is the method used for the disposal of radioactive waste 



















conta iners method 
Black baQs Incineration 
Black baQs Incineration 
Black bags Incineration .. 
Black bags Incineration 
B lack bags I ncineration 
Black baQs Incineration .. 
Black baQs I ncineration 
Black baas Incineration .. 
B lack baas I ncineration 
Black baas no 
Black bags no 
Black bags Incineration .. 
Black bags I ncineration 
Black baQs Incineration 




no H-guidel ines 
no H-Quidelines 
no H-Quidel ines 
no H-auidelines 
no H-auidel ines 
no H-guidelines 
no H-guidelines 
no H-guidel ines 
no no 
no no 
no H-guidelines I 





Table (4 .4) : The waste (kg/d) and the number of beds at some of the UAE hospitals 
District Hospital Waste (kg/d) No of Beds 
IAI Mafraq 500 200 
Abu Dhabi IAI Jazira 550 320 
Central 500 250 
Cornishe 1 50 220 
IAI Wasal 1 000 366 
Dubai Rashid 1 000 454 
Dubai 1 000 640 
Maktoum 1 000 83 
Kuwait 1 00 1 75 
/AI Qassim i  200 223 
Sharjah Kuwait 350 203 
Khorfakan 2 1 85 
Kalba 30 64 
Ajman Kuwait 200 94 
\AI Zahra 1 00 57 
Ras AI Khaimah Saqar 1 85 300 
Saif 1 0  1 00 
Umm AI Quwain Umm AI Quwain 5 1 20 
Fujaira h  Fujairah  1 5  200 
Gimi 50 460 
Al Ain Tawam 309 220 
Oasis 20 40 
Gayath i  1 0  35 
Westem Beda Zaid 1 00 80 
Delma 20 45 
Sela 1 5  40 
Total  26 7421 5 1 74 
FIG.{4. 1 )  Quantities of waste generated 
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4.2.2 Health Ca re Cen ters & Cl in ics 
The average number of outpatients surveyed by health care centers and clinics 
ranged from 20 to 200 patients daily. Data on the number of clinics surveyed, their 
daily waste quantities, and their average daily patients; are shown in Table (4. 5 )  and 
Figure (4. 3 )  
The weight of the total waste generated by each clinic was influenced by the 
method of estimation and identification of the infectious waste. Most clinics had some 
difficulty in reporting such information, therefore, personnel interviews were 
conducted with the responsible personnel to collect more information required to 
complete the questionnaire. 
The total waste generated from the 25 clinics surveyed was 1 1 0 . 5  kg/day (40.3  
tons/year). The average rates of generation corresponds to 0 .07 kg/pat/day, with 
which it can be assumed that each 2 5  clinic is equivalent to one hospital in terms of 
generation rates. Equation (4.2),  shows the relation between the daily waste generated 
at the clinic and the average number of patients. 
Log Wc = 0. 1 72 + 0.006 Pat ---------------(Eq 4 .2)  
where, 
\Vc = waste generated at health care centers & clinics (kg/day), and 
Pat = number of daily patients .  
This relationship has a correlation coefficient of 0.77 which indicates that the 
parameters are correlated. Figure (4 .4)  presents this relationship .  
4.2.3 Com parisons 
The comparison between the amount of wastes produced by health care 
establislunents in various countries as illustrated in Table (2 . 5 )  and the mean of waste 
generated at some of the U.A .E hospitals (Table 4 . 3 ), is shown Table (4 .6) and Figure 
(4 . 5) .  Those wastes quantities are resulted out of the general type of hospitals and 
expressed in (kg/bedJday). 
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�able (4 . 5) : Quantities of Waste and Disposal Route at some of the UAE Health Centers & Clinics 
District �l in ic  & Health cente Average d-pat Waste Waste(kg/pat) Disposal route 
iAbu Dhabi !AI Nhayan 90 2 .5  0 .03 municipality 
!AI Wathba 35 2.0 0 .06 mun icipal ity 
AI Hear 35 4.5 0. 1 3  municipa l ity 
AI Wajan 70 5 . 5  0 .08 municipality 
Lewa 200 25.0 0 .03 mun icipa l ity 
Umm AI Naar 80 2 .0 0 . 03 municipa l ity 
Dubai  AI Manahe 20 1 .0 0.05 municipa lity 
Wad i  A I  Helow 35 2.5 0.07 mun icipal ity 
Sharjah Denta l  center 60 5 .0  0.08 municipa l ity 
Umm Khanor 1 00 1 0 .0 0. 1 0  mun icipality 
IAI Requa 1 20 8.0 0 .07 municipa lity 
IAI Khan 80 2.0 0.03 municipal ity 
IAI Madam 50 2.5 0.05 municipal ity 
IAI Muleha 50 4 .5  0.09 mun icipa l ity 
School health center 40 2.0 0 .05 municipal ity 
IAjman !AI Hemedya 40 2 .5  0 .06 burned in open area 
IAI Bustan 60 5 .0 0.08 burned in open area 
IAJ Manama 25 1 . 5 0.06 mun icipal ity 
Ras AI Khaima IAI Hamranya 70 3.0 0 .04 mun icipal ity 
!AI Jasira 90 4 .0 0 .04 municipal ity 
Masafi 20 3 .5 0. 1 8  municipal ity 
Fujairah  School health center 30 2.0 0 .07 mun icipal ity 
Masafi 40 2.0 0.05 burned in  open area 
Umm AI Quwain  Umm AI Quwain  50 5 .0  0. 1 0  municipal ity 
Falaj AI Muala 40 3 .0  0.08 municipal ity 
Total  25 C l in ics 1 530 1 1 0 .5  Mean=0.07 
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I t  was found that the hospital wastes generated from different countries are in  
the ranged between 1 . 0 and 4 . 5  kglbedlday. U S . A  has the highest rate of  hospital 
waste generation compared with other countries. While the median is 2 . 5  kglbedlday. 
o variations were shown between wastes generated at the developed countries in 
comparison with the generation rates at the developing countries. 
The U A. E  has value ( 1 . 4 1  kglb/d) between the lower ranged as for Chile and 
Suaida Arabia ( 1 . 0 kglb/d) and the median value (2 . 5  kglb/d) as most of the countries 
had Generally, the U A.E .  has a low rate of hospital waste generation compared with 
other countries. However, this  may be due to the type of medical services provided at 
those hospitals, the beds occupancy, or as a result of ineffective identification and 
segregation of infectious waste, which may enter the general waste stream. Also it was 
found that the occupancy of beds are varying between hospitals .  Al Qassimi hospital 
has reported a monthly occupancy percent of 72, where Kuwait hospital in Sharjah and 
Kuwait hospital in Dubai had reported a values of 60% and 1 1  % respectively. 
4.2.4 Waste Variations 
Data from the study conducted at AI Qassirni hospital on waste destined for 
incineration ( i .e .  hazardous waste) and the general waste quantity generated at the 
hospitals are all presented in Tables (4.7, 4 . 8 ,  4 . 9, and 4 . 1 0) .  Table (4 . 1 1 ) gives a 
summary of all of these data. 
The hazardous waste considered in the study belongs to three hospitals; 
Kuwait hospital in Dubai, Kuwait hospital in Sharjah and Al Qassimi hospital in 
Sharjah Some characteristic features of the hospitals involved in this study are 
summarized in Table (4. 1 2) .  
From Table (4 . 1 1 ) ,  i t  can be  seen that the variation in the mean is low between 
the two weeks and the one month periods, which means that as the period of study 
increases; accurate estimation for daily waste generation will be obtained. The 
variation in the weight of black bags shows some stability in the three periods. This 
indicates that the majority of the black bag content is general refuse which shows 
84. 
stability as presented in Table (4. 1 0) and Figure (4. 1 2) .  The average daily waste ( total 
waste) incinerated by the three hospitals combined was found to be lower than the 
values estimated for each hospital (650 kg/day). 
From Figures (4 . 8) and (4. 1 0), it was found that the weight of black bags was 
higher than that of the yellow bags; which may be related to the disposing of general 
refuse in those black bags either from the patients room or by the hospital staff (e.g. 
cans glasses, etc . )  While Figure (4.6) shows that the yellow bags was higher than the 
black bags which may be due to disposal of operation theater wastes (i .e .  high water 
content in the pathological waste). Weight of the white bags was always lower than 
that of the yellow box and shows some stability during the three periods, as presented 
in Figures (4 . 7) ,  (4 .9), and (4. 1 1 ) The yellow box shows high variations because those 
boxes are not discarded daily, and the period for disposal can be measured from those 
Figures in the range of (3 -7 days) which is the recommended time as il lustrated in the 
literature. From Figure (4. 1 3 ), it can be found that the hazardous waste generated at 
Al Qassimi hospital accounts for only 9 . 5  % of the general refuse. 
No distinct correlation was found between the hazardous waste generation and 
the total number of inpatients or staff. However an apparent relationship was found 
between the hazardous waste generation and number of outpatients; with R2 = 0.339 
and a correlation coefficient " r = 0 .54  " indicating moderate correlation as  illustrated 
in equation (4 . 3 ) :  
W = 44 . 8  + 0 .055  OP - - - - - - - - - - - - - --- - - (Eq .  4 . 3 )  
where, 
W = waste generated at the hospital, kg/day, and 
OP = daily number of outpatients 
Table (4 .7) : Quantities of Waste during the last two weeks of November 1 994 
Period(Nov . Total inpat . Tota l outpat .  Tota l  pat .  [ota !{pat + staff) Black-B(Kg) Yeliow-B(Kg) White-B(Kg) IV eliow-box(Kg: Total waste(Kg) No of bags 
1 4  308 1 50 1  1 809 3308 21 . 5  26.0 3 .0 0 .0 50 .5 27 
1 5  3 1 3  1 5 1 7  1 830 3329 53 . 5  80.5 1 .5 0.0 1 35 .5  59 
1 6  308 1 487 1 795 3294 25.0 60.0 1 1 . 5 3.0 99.5 55 
1 7  303 1 357 1 660 31 59 28.0 55 .5  9.0 1 0.0 1 02.5 48 
1 8  300 653 953 2452 24 .0 92.0 2.0 3.0 1 21 .0 42 
1 9  292 1 472 1 764 3263 34.0 60.5 1 .0 0.0 95.5 39 
20 293 1 503 1 796 3295 1 6 .0 1 01 .0 0 .5  4 .0  12 1 . 5  45 
21 298 1 488 1 786 3285 23.0 1 07 .5  1 0.0 6 .0 1 46 .5  64 
22 290 1 434 1 724 3223 26.0 40.5 0 .5  1 5.5  82.5 48 
23 281 1 566 1 847 3346 57.5 69.0 0.5 0.5 1 27.5 59 
24 285 1 362 1 647 3 1 46 37.0 1 68.0 0 .5 0 .0 205 .5  65 
25 291 698 989 2488 21 .0 59.0 0.0 1 .5 81 .5  26 
26 305 1 588 1 893 3392 46.0 85.0 1 .0 0.0 1 32.0 50 
27 304 1 605 1 909 3408 32.0 94. 5  0 .0 8.0 1 34 .5  64 
28 31 0 1 537 1 847 3346 6.0 1 1 4 .0 1 .0 0.0 121 .0 39 
29 301 1 4 1 3  1 71 4  321 3 33.0 76.0 1 .0 4 .5  1 1 4 .5  60 
30 308 1 6 1 6  1 924 3423 4 1 .0 61 .0 0 .5 4 .0 1 06.5 48 
Total 524.5  1 350.0 43 .5 60.0 1 978.0 838 
Mean 30.9 79.4 2.6 3.5 1 1 6.4 49 
Min 6.0 26.0 0.0 0.0 50.5  26 
Max 57.5 1 68 .0 1 1 .5 1 5. 5  205.5 65 
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Table (4 .8) : Quantities of Waste during December ( 1 994) 
Period(Dec.) I npat . Outpat . Total pat Tota l(pat+staff) Yellow bags(kg) Black bags(kg) White bags(kg) Yellow box(kg) Total waste(kg) No of bags 
1 291 1 038 1 329 2828 1 29 .0  37 .5  1 .0 6.0 1 73 .5  49 
2 287 891 1 1 78 2677 1 1 1 .0 43.5 0.0 1 .0 1 55 .5  56 
3 295 628 923 2422 47.0 3 .0 0 .0 0 .0 50.0 21 
4 295 7 1 4  1 009 2508 84.0 9.0 0.0 9.0 1 02.0 37 
5 307 1 694 2001 3500 1 48.0 1 4 . 5  1 .0 4 .5  1 68.0 51 
6 304 1 421 1 725 3224 1 04 .5  28.5 1 .0 2.0 1 36.0 63 
7 3 1 2  1 430 1 742 3241 75.0 24.0  1 .0 0 .5  1 00 .5 52 
8 288 1 261 1 549 3049 55.0 30.5 1 .0 0 .5  87.0 45 
9 296 890 1 1 86 2685 57.0 9 .0  0 .0  7 .5 73 .5 42 
1 0  320 1 51 2  1 832 3331 1 06 .5  44.0 1 .0 9.0 1 60 .5  65 
1 1  293 1 459 1 752 3251 96 . 5  39.5 3.5 1 9 .0 1 58 .5 60 
1 2  303 1 51 3  1 81 6  331 5 76.5  1 6.0  2 . 5  1 1 . 5 1 06.5 64 
1 3  269 1 422 1 691 3 1 90 1 1 0. 5  58 .0 2 .0 1 1 .0 1 8 1 . 5 73 
1 4  299 1 393 1 692 3 1 9 1  79.0 41 .0 2.0 0 .0  1 22.0 62 
1 5  263 1 1 91 1 454 2953 95.0 42.0 0 .0 2.0 1 39.0 54 
1 6  283 631 9 1 4  341 3  44 .0 1 7 .0 0 .0 2 .0 63.0 38 
1 7  325 1 536 1 861  3360 69.0 32. 5  1 .0 0.0 1 02.5 45 
1 8  3 1 2  1 567 1 879 3378 75 .5  71 .0 3 .0 1 .0 1 50 .5  75 
1 9  322 1 490 1 8 1 2  331 1 91 .0  74.0  0 . 5  3 .0  1 68 .5 68 
20 3 1 6  1 458 1 774 3273 85.0 50.0 1 .0 1 .0 1 37.0 64 
21 326 1 600 1 926 3425 1 02 .0  28.0 0 .5  7 .5  1 38.0 76 
22 31 1 1 36 1  1 672 31 7 1  79.0 41 .0  0 .5 1 7 .0  1 37 .5 81 
23 294 71 9 1 0 1 3  351 2  73.5 1 7 .0 0.0 0.0 90.5 40 
24 299 1 507 1 806 3305 79.0 43.0 0 .5  1 .5 1 24.0 56 
25 296 1 520 1 81 6  331 5 72.0 36.0 5 . 5  2 .0  1 1 5 .5  63 
26 3 1 2  1 437 1 749 3248 92 .0  46.0 0.0 1 .0 1 39.0 68 
27 31 0 1 404 1 71 4  321 3  66.5 60.5 0 .5  8 .5  1 36.0 64 
28 295 1 51 1  1 806 3305 62.0 66.5  0 . 5  0.0 1 29.0 67 
29 258 1 074 1 332 2831 77.0 37.0 1 .0 1 1 .0 1 26.0 56 
30 262 495 757 2256 41 . 5  32.0 0 .0 0 .5  74 .0 40 
31 272 456 728 2227 1 3.0 16 .0  0.0 0 .0 29.0 16  
Total  2496.5 1 1 07 .5  30 .5 1 39 .5  3774.0 1 7 1 1  
Mean 80.5 35.7 1 .0 4 .5  1 21 .7  55 
Min 1 3 .0 3 .0 0.0 0.0 29.0 16 
Max 1 48 .0 74.0 5 .5  1 9 .0 1 81 .5 81 
STDEV 26.5  18 . 1  1 .2 5.2 43.7 1 5  
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Table (4 .9) : Waste quantit ies during January (1 995) 
Period(Jan.95) I npat .  Outpat .  ToLpat rrot.pat+staff [Yellow bags(kg) Black bags(kg) White baQs(kQ) Yellow box (kQ) iTotal  waste(kg) No of Bags 
1 308 624 932 2431 26 .0 34.0 0.0 0 0  60.0 31  I 
2 308 1 586 1 894 3393 38.5 21 .0 0.5 8.0 68 .0 51  I 
3 331 1 27 1  1 602 31 01  31 .0 46.0 0.0 6.0 83.0 46 
4 349 1 476 1 825 3324 28.0 56.5 2.5 1 3.0 1 00.0 70 i 
5 31 3 1 1 84 1 497 2996 24. 0  45.0 0.5 1 2.5 82.0 65 
6 3 1 6  6 1 2  928 2427 1 3 .0 24.0 0 .0 3.0 
I 
40.0 33 1 
Total 1 60 .5  226.5 3 .5 42.5 433.0 296 1 
Mean 26.8 37.8 0.6 7 . 1  72.2 49 \ 
Min 1 3 .0 21 .0 0 .0 0 .0 40.0 31 
Max 38.5 56.5 2.5 1 3 .0 1 00.0 70 
STDEV 7.7 1 2 .6 0.9 4 .7 1 9. 1  1 5  
Table (4 . 1 0) : General  waste quantities at AI Qassimi hospital 
Period (1 995) G .  waste (ko/d) No of baos 
30/1 300 85 
3 1 /1 235 95 
1 /2 250 1 25 
2/2 245 1 05 
3/2 275 90 
4/2 335 1 1 5  
5/2 380 1 20 
6/2 330 90 1 
Mean 294 1 03 1 
89. 
Table (4 . 1 1 )  : Waste variations for d ifferent types of bags 
Bags type Yellow bags (kg/d) Black bags (kg/d) White bags (kg/d) 
Result NOV DEC JAN NOV DEC JAN NOV DEC JAN 
Mean 79.4 SO.5 26 .8  30.9 35.7 37.8 2.6 1 .0 0 .6 
Min 26.0 1 3 .0 1 3.0 6.0 3 .0 2 1 .0 0 .0 0 .0  0 .6 
Max 1 68 .0 1 48 .0  38 .5  57 .5  74.0 56 . 5  1 1 .5 5 .5  2 .5  
STDEV 3 1 .9  26 .5  7 .7  1 2.S 1 8 . 1  1 2.6 3 .6 1 .2 0 .9 
Table (4 . 1 2) : Hospitals involved in the study of waste variations 
District Hospital  No of beds Waste (kg/d) * 
Dubai Kuwait 1 75 
Sharjah Kuwait 203 
Sharjah AI Qassimi 223 
Total 601 
* Waste as reported in Table(4 . 3) 
& Waste surveyed in this study ( daily average waste = 99.9 kg) 





Yellow box (kg/d) Total waste (kg/d) 
NOV DEC JAN NOV DEC JAN 
3 .5  4 .5  7 . 1  1 1 6 . 5  1 2 1 .7 49.0 
0 .0 0 .0  0 .0  50 .5  29.0 31 .0 
1 5 . 5  1 9.0  1 3.0  205.5 1 81 . 5  70.0 
4.2 5.2 4.7 32 .2 43.7 1 5 .0 
Waste (%) ** waste(kg/d) & No of staff 
1 5.4 1 5 .4 562 
53.8 53.7 435 
30.8 30.8 502 
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4.3 \Vaste Handl ing Practices 
4.3. 1 - Hospitals 
93 . 
Handling as defined in section 2 . 9, is the link between all stages which include; 
segregation, containerization, storage, and transport. Most of the surveyed hospitals 
followed the handling system specified by the hospital internal guidelines. However, 
the handling practices followed by most of the hospitals are unsatisfactory. There are 
some guidelines to segregate medical waste in 79% of the hospitals surveyed. In these 
particular cases, a color-coded system is used following the British standard; the black 
bags for the general refuse; while yellow and red bags for the waste destined for 
incineration; and the yellow box for sharps; which is also sent for incineration. 
However, some hospitals (e.g. Al Qassirni hospital) are providing the blue bags with 
no sterilization facilities. The handling and collection of waste are runed by private 
companies at some hospitals. Employees responsible for the collection of waste have 
reported that the plastic bags provided by that companies or the Ministry of Health in 
some cases are of low grade materials, they tear easily; which increases the spreading 
of microorganisms. Also most incinerators operatives are complaining from the over 
loading of waste due to the improper segregation, (i. e. infectious waste is mixed with 
the general refuse) and segregation at this time is risky and difficult . Other hospitals 
with no treatment facilities, do send their infectious waste with the municipal waste 
stream; and no segregation practices are followed; i.e. all waste is collected in the 
black bags used for general refuse. Bags are being collected by municipal employees 
for landfilling sites, or burning in open area or with the municipal incinerators. In 
general, color-coded bags and containers are not provided to all hospitals and clinics in 
the U.A.E. Most hospitals are incinerating their pharmaceutical waste. However, this 
wastes are collected in black bags; which offer the possibility of confusion and may be 
send with the general refuse. Pressurized containers are collected in the black bags and 
sent with the municipal wastes or sent back to the supplier where they could be refil ed 
agam. 
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There are no secured area for on-site storage facilities Storage is usually 
provided at the back yard of the hospital which is in an easy access for the general 
public . A number of hospitals had reported that employee working with companies for 
recycling papers are always searching the backyard of hospitals for the collection of 
paper and cardboard . 
Storage, pending decay is the method used for the disposal of the solid 
radioactive wastes in the U A  E A secure storage area is used until decay and 
releasing of activity The liquid wastes generated from the unsealed radioactive source 
is normally discharged to sewer. Measurements were carried out in the U A. E  for a 
treated sewage water and sludge, from different sources for monitoring the 
concentration of radioactive gamma source such as 5 1Cr, 57Co, 6 1 Ca, 75Se, 99m Tc, 
I I I  In, 1 3 1  I ,  1 98 Au and 20 1 Ti as reported by El Assaly ( 1 994) .  Gaseous radioactive 
waste is disposed of by atmosphere via ventilation. Monitoring program is established 
and survey is conducted to evaluate the radioactive sources either sealed or unsealed, 
used or not used in radiotherapy and nuclear medicine departments in the UA.E 
hospitals Data on  the existence of  segregation system from the hospitals and clinics 
surveyed are presented in Table (4 1 3 )  
Table (4. 1 3 ) : Segregation Practice Response in Hospitals and 
Health Care Centers & Clinics in the U A. E. 




Il f  segregation system fol lowed (%) 
I (Color coded system used) i Yes % No% 
79 (1 1) 2 1(3� 
Health Care Centers & Clin ics 1 o (0) 1 00 (25) 
4.3.2 Health Care Centers & Clin ics 
No segregation practices or separate collections are made in accordance with 
the type of waste in the surveyed clinics or health care centers as shown in Table 
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(4 1 3 )  All wastes are collected in black sacks with the other municipal waste and 
transported in the ordinary municipal vehicles. Some of those vehicles are equipped 
with a compactor, which in tum increases the risk of exposure of the infectious waste 
and the hazard of injury. Some of the surveyed clinics try to develop their own 
segregation practices for collection of their infectious wastes and sharps, by using 
empty metal cans and cardboard. In the rural areas, where the situation is worse and 
waste management does not exist, many people are complaining from death of their 
animals after feeding on medical waste. Also a number of clinics have reported that in 
many cases children were seen playing with used syringes outside the clinics. In 
general the there is no secure area for the storage of infectious waste which makes it 
available for waste scavengers. 
4.4 Treatment and Disposal 
4.4. 1 - Existing Practices 
Incineration is the only treatment method available for the destruction and 
disposal of infectious waste in the U. A .E .  This method is considered the most hygienic 
and satisfactory since other treatment methods are not available. Incineration has been 
practiced in the main hospitals in the U .A .E .  At present there are about 1 8  
incinerators; with capacities ranging between 60 t o  360 kglh are currently serving 
hospitals, as reported by the Ministry of Health ( 1 994). Most of the incinerators are 
built on site. However, some existing hospital incinerators are of old design, operating 
at low temperature which is insufficient for the destruction of pathogens. For example 
in Al Mafraq hospital in Abu-Dhabi, is operating at temperature of 450oC; which is 
inadequate for complete destruction of pathogens and may contribute to the emission 
of toxic gases, from the combustion of halogenated plastics, which is found at high 
percentage in hospital wastes. Most incinerators are fitted with secondary burners, but 
none of them are equipped with air pollution control devices (APCD). Some hospitals 
are sharing in one incinerator such as Kuwait hospital in Sharjah and Kuwait hospital 
in Dubai are using Al-Qassimi incinerator. 
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orne hospitals, clinics and health care centers in the U A.E are using the 
municipal incinerators for the destruction of their clinical waste, which are always 
operated at low temperature . However, the overloading of municipal incinerator, may 
result in unburned or incompletely burned materials carrying viable organisms that 
could escape from the incinerator stack or be hide in the ash and residues. Also safe 
handling by municipal employee of the infectious and hazardous materials cannot be 
guaranteed there Some of the surveyed hospitals and clinics use thermal treatment for 
their infectious waste destruction but in uncontrolled manner. They used to burn their 
waste in open area; in many times at the back yard of the premises. Also 1 00% of both 
health premises are disposing their final waste either as treated ash or untreated, in the 
municipality landfill area without any precaution; which is uncontrolled area not 
constructed for the disposal of hazardous waste. Data from the surveyed health 
facilities on the availability of waste incinerators are shown in Table (4 1 4) 
Table (4 1 4) . Availability of Waste Treatment Facilities in the U A  E Health Premises 
Hos ita I 
Health centers & Cl in ics 
4.4.2 E xperimental Analysis of Incinerator
'
s Ash 
4.4.2. 1 -Heavy Metals 
Results obtained from the ash analysis of four different incinerators functioning 
at four of major hospitals in the U A.E are presented in Tables (4 . 1 5 ), (4 . 1 6), (4 . 1 7), 
and (4 1 8 ) The incinerators have similar operation and design (i e .  all equipped with 
after burner) as shown in Table ( 3 . 3 ) . Table (4 . 1 9) summarizes the average values 
obtained from those tables. The mean, minimum values, maximum vales, and the 
standard deviations are all reported as metal concentration expressed in (mg/kg ash). 
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Table (4 20) gives metal concentrations in (ppm). While  Table (4 . 2 1 )  gives metal 
concentrations as a percent of the total weight of the ash sample. Summary of the 
heavy metal concentrations found in ash analysis within the same facility and between 
individual facilities are as foUows: 
Al Qassimi hospital: from the results in Table (4 .2 1 )  and Figure (4 . 1 4), it was 
observed that aluminum (2. 1 4  %) and zinc (0 .79 %) are major elements found in ash 
analysis. The metal content represents (3 .22 %) of the total ash analyzed, and the 
remaining are other undetected metals ands some inert materials (96 . 78 %) as shown 
in Table (4.2 1 )  and Figure (4 .20) . 
Al Wasal hospital : from the results in Table (4 . 2 1 )  and Figure (4. 1 5 ), it was 
found that aluminum (2 .39 %), zinc (0 . 45  %), and copper (0 . 30  %) are the major 
metal in ash analysis. The metals represent ( 3 . 4 1 %) in the analyzed ash, which is the 
highest percent among the four hospitals which indicates improper segregation of 
wastes The other undetected metals and inert materials contribute (96 . 59  %) of the 
total ash analyzed; as shown in Figure (4 . 2 1 ). 
Tawam hospital: from the results in Table (4 . 2 1 )  and Figure (4. 1 6), it was 
found that aluminum ( l .45  %) and zinc (0 . 3 8  %) are the major elements detected in 
the ash. The total metals found represent (2 .04 %) as shown in Figure (4 . 22) .  The 
remaining (97 .96 %) are undetected metal and some other inert materials. 
Al Jazira hospital: from the results in Table (4 .2 1 )  and Figure (4. 1 7), it was 
found that aluminum ( 1 . 59  %) and zinc (0 .39 %) are the major elements present in the 
ash. The metals represent (2 . 1 %) from the total analyzed asf\ and the other (97.9  %) 
may contain other undetected metal and inert martial as shown in Figure (4 . 23) .  
Heavy metals were detected in all ash samples collected from the incinerators 
but at different concentration levels. 
Chromium: from the results in Table (4. 1 9) and Figure (4 . 1 8), it was found 
that Al Qassimi hospital has reported the highest level of chromium concentration in 
ash samples ( 1 32 .0  mglkg ash), where Al Jazira hospital has the lowest value ( 1 2 .66 
mglkg ash). 
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Cadmium from the results in Table (4. 1 9) and Figure (4 1 8), it was found that 
AI Qassimi hospital as well has reported the highest concentration level (9 1 88 mglkg 
a h), whereas Tawam hospital has reported the lowest value (9 25 mg/kg ash) . 
Copper from the results in Table (4 . 1 9) and Figure (4 1 8), it was found that AI 
Wasal hospital has reported the highest copper concentration (2952 .0  mg/kg ash), 
while Tawam hospital has the lowest level (236 .0 mg/kg ash). 
Zinc. from the results in Table (4 . 1 9) and Figure (4 . 1 9), it was found that zinc 
presents at high levels in the ash collected from the four hospital incinerators. Al 
Qassimi hospital has the highest level (7907 .0  mg/kg ash); whereas Tawam hospital 
has the lowest value (3797.0 mg/kg ash). 
Lead from the results in Table (4 1 9) and Figure (4 . 1 8), it was found that 
Tawam hospital has the highest lead concentration in ash samples (639.2 mg/kg ash), 
while Al Jazira hospital has the lowest level (86 .76 mglkg ash). 
Aluminum. from the results in Table (4 1 9) and Figure (4. 1 9), it was found that 
AI Wasal hospital has the highest aluminum concentration in ash analysis (23 893 .0 
mglkg ash), whereas Tawam hospital has the lowest level ( 1 4500 .0  mg/kg ash). 
I ron from the results in Table (4. 1 9) and Figure (4 . 1 9), it was found that AI 
Wasal hospital has the highest iron concentration in ash analysis (2 1 76.0 mg/kg ash), 
while AI Jazira hospital has the lowest level (840.0 mglkg ash) 
Tawam and AI Jazira hospitals had reported lower metal percent in ash 
analyses than AI Qassimi and AI Wasal hospitals. This may be due to the proper and 
effective segregation systems practiced for waste destined for incineration in the first 
two hospitals Moreover, it is possible that lower metal concentrations detected in the 
ash because of the wet cleaning method used for de-ashing which cause leaching of 
some metals 
The concentration of metals in ash analysis depends primarily on the waste 
stream composition, which is also a function of the type of biomedical facility that 
generates the waste. Medical waste composition is highly diverse as previously stated. 
A sample of medical wastes may contain paper, plastics, pathological wastes, blood-
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soaked bandages, syringes, and other types of materials. Metals present in ash may 
vary by a factor of 2- 1 0  for some metals. The amount found is a function of the 
quantity of metal in the waste stream, the properties of metal, and the combustion 
characteristics of the facility. 
The high iron concentration could have resulted from large quantities of 
stainless steel " sharps " e .g. ,  needles and surgical implements fed to the incinerators. 
There are more than 70 standard types of stainless steel . Generally, all are iron-based, 
with 1 2  to 30 percent chromium, 0 to 22 percent nickel and minor amounts of carbon, 
niobium (columbium), copper, molybdenum, selenium, tantalum, and titanium (perry et 
al . 1 984) Those facts are supported by the correlations found between Fe and Cr 
concentrations in ash analysis as illustrated in equation(4 .4) and equation (4. 1 1 ) .  The 
presence of chromium with the stainless steel is to improve the hardness, abrasion and 
corrosion resistance of iron. In addition chromium may result from the incineration of 
laboratory wastes which contain chromic acid that is used quite often to clean 
glassware their. While cadmium may result due to the incineration of batteries which 
are used quite often in the examination flashlights, and may presence as metal alloys. 
Also as stated by Perry et al . ,  ( 1 984), although pure aluminum has high resistance to 
atmospheric conditions, it is  used commercially with the addition of metal alloys. 
Aluminum with its alloys is cheaper than pure aluminum. However, the high aluminum 
content in ash analyses is due to the incineration of pharmaceutical metal containers 
which are made of aluminum, lid bottles and aluminum foil used for warping. Also, it 
was found that patients and visitors used to dispose soft drinks aluminum cans in the 
infectious waste bags which in turn find its way to the incineration with the infectious 
waste. From the equations (4 . 5), (4.6) and (4. 8), there are relationships between the 
presence of aluminum and other metals such as chromium, cadmium, iron, and lead. 
Lead may be present as metal impurity with aluminum. Therefore, the manufacturers 
of medical products and containers should reformulate their products and provide a 
certificate indicating that products destined for infectious waste stream and 
incineration do not contain Pb, Cd or Cr .  The lead content in ash analyses may be due 
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to the disposal of teeth filling materials used by dental clinics; the presence of lead as a 
pigment or stabilizer in " infectious waste containers, " e .g. , sharps and infectious waste 
bags or the incineration of batteries. Moreover, it may be due to the contamination of 
the incinerated waste with the fossil fuels (gasoline) used for the ignition of infectious 
waste stream in the incinerator, in which lead is present as an impurity in the fuel . An 
ignition burner is required as a source of auxiliary heat for burning high moisture 
wa tes. There is a possible link between the zinc content in ash and the incineration of 
lubricating oil used quite often for various hospital machines. Moreover incineration 
of batteries which may contain zinc, or zinc may be present as impurities in fossil fuels 
would in tum contaminate the ash itself and may increase both zinc and lead 
concentrations in ash as supported by equation (4 . 1 0) .  According to Maltezou et al . ,  
( 1 989); the used lubricating oils may contain zinc i n  the range o f  200 t o  1 500 ppm. 
However, the incineration of pharmaceutical wastes may raise the zinc content . As 
Parr et al. ( 1 98 3 )  had stated; the chemical analyses for residues resulted from the 
fermentation of pharmaceutical organic acids and antibiotic shows detectable levels for 
Zn and Cu. the concentration of Zn ranged from 75 to 25,000 ppm and Cu from 4 . 8  to 
9 . 5  ppm. But certainly, the incineration of metal cans or other scrap materials made of 
bronze, i n  which zinc is present at percentages between 36 and 42 may raise the zinc 
and copper levels to detectable limits in ash analysis. The zinc is added to copper in 
metal alloys to improve the corrosion resistance of copper (perry et aI . ,  1 984). 
Complete elimination of metal from waste stream is not possible. However, by 
knowing the sources of metals and the effective segregation will certainly reduce metal 
content in ash. 
Table (4.22), which provides the melting and boiling points of various metals, 
as quoted from Perry et al . ,  ( 1 984); it can be seen that Cd, Zn, and Hg have boiling 
points below the incineration temperature ( 1 0000C).  This means that those metals may 
be detected in  high concentrations in  air emissions rather than in ash analysis. 
Moreover, Hg has a low melting point, and the high incineration temperature may 
transfer all Hg present in the waste stream into metal fumes, which may condense on 
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the particulate surface area in the fly ash. This may explain the negligible levels of Hg 
in ash analysis .  
From Table (4.20), it is evident that most the heavy metals which have been 
detected in ash samples show values below the regulatory limits set by the EPA as 
quoted by Wexell ( 1 993), where it exceeds the limits for lead concentration at Al 
Wasal and Tawam hospital Meanwhile, according to Dubai local order (6 11 9 1 )  on 
limits for the disposal of sludge as shown in Table (4 .23) ;  it can be seen that all 
facilities show values below the l imits for chromium, cadmium, and lead; but above the 
limits for zinc . Al Qassimi hospital has reported a value above the limit for cadmium. 
\Vhile Al yVasal hospital has reported a value above the l imit for copper . There are no 
standards for the disposal of aluminum and iron, which are not classified as hazardous 
waste. 
The comparison between heavy metals detected in ash analysis obtained in this 
study with residues collected from a rotary kiln hazardous waste incinerator with 
similar operating temperature ( l l OOOC) as reported by Eighmy et al . ,  ( 1 993), as 
shown in Table (4 23). All facilities have reported values for zinc concentrations 
equivalent to that of the hazardous chemical incinerator as shown in Table (4 .23), and 
Al Wasal and Tawam hospitals have reported values of lead and zinc concentrations 
equivalent to the hazardous chemical incinerator ash. This implies that the medical 
waste incinerators have to be classified as hazardous wastes incinerators and should be 
operated under supervision of skilled personnel. Also air emission from these 
incinerators should be controlled. 
4.4.2 .2  Statistical A n al ysis of Data on Heavy M etals 
S ince the metal analyses determined for each facility could be related to one 
another. Several of the facility average metal concentration appeared to be correlated 
but not with high significant values as shown in Table (4.24). The strongest 
correlations found were between Cu and Fe (r = 0. 72), and Zn and Pb (r = 0.692) in 
Tawam hospital .  Also in Al Qassimi hospital between Cr and Al (r = 0.63 5)  and 
between Cr and Fe (0. 5 58) .  
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Table (4. 1 5) : Metal Concentrat ions (mgJkg ash) at AI Qassimi hosDital 
Run No  Cr Cd Cu Zn Pb AI Fe 
1 0.0 1 5 1 .0 200.0 6699 .9 1 45 .3  23333.3 1 901 .7 
2 0 .0 1 21 .0 300.0 6033.3 73.7 20000.0 1 665.7 
3 0 .0 8 1 .7  1 00 .0  4266.7  1 1 6 . 9  1 4999.9 1 303.3 
4 0.0 53.7 333.3 4333.3 31 3 .3 1 5666.7 1 429.3 
5 0 .0 49.3 1 33 .3  4333.3  270.7 1 4666.7 1 873.9 
6 0 .0 48.3 1 66 .7  4333.3 324.3 1 5333.3 2265.6 
7 0.0 53.0 1 33 .3  4666.7 349.9 1 4666.7 2380.7 
8 0.0 37.3 1 33 .3 4000.0  287.7 1 2333.3 1 558.9 
9 333.3 1 58 .7  466.7 7333.3 3 1 6.9 2 1 666.7 3381 .7 
1 0  333 .3  1 43 .7  1 66 .7  7000.0 3 1 6.9 22666.7 3958.4 
1 1  200.0 1 60 .7 333.3 8000.0  261 .9 23666.7 39 1 9 .3 
1 2  1 66.7 1 30.0 233 .3  6666.7 267 .3  1 9000.0 31 52.6 
1 3  1 00 .0 53 .7 1 333 .3 6666.7  249.7 1 6333.3 945.9 
1 4  1 33.3 69.3 266.7  7333 .3  282.9 20000.0 0.0 
1 5  1 33.3 66.6 1 66 .7  7333.3 398.9 1 8666.7 892.3 
1 6  33.3 66.0 1 66 .7  8 1 66.7 345.3 1 7666.7  1 038.6 
1 7  0 .0 60.3 266.7 8 1 66 .7  403.3 1 9666.7 1 076.9 
1 8  33.3 1 5 1 .7 233.3 7666.7 87 .9 1 9666.7 827.3 
1 9  1 00 .0 1 32 .7 1 66 .7  7000.0 256 .3  1 9333.3 863.3 
20 1 33 .3 1 23.7 1 66 .7  7000.0  1 87 .3  1 8333.3 751 .7 
21 66.7 80.0 1 66.7 6666.7 1 7 1 .3 1 7000.0 836.7 
22 1 00.0 1 1 0.0  233 .3  8 1 66 .7  280.7 1 6666.7 864 .7  
23 1 33 .3 1 38 .3 200.0  7499.9 267.9 22000.0 753.9 
24 1 00.0 1 24.0 233.3 8499.9 276.9 21 666.7 995.7 
25 66.7 1 09.3 200.0 7 1 66 .7  275.9 25666.7 682 .3 
26 1 33 .3 1 27.3 200.0  26666.7 336 .9  1 9333.3 907.9 
27 1 33 .3 1 60.0 200.0 8 1 66.7 228.7 20333.3 890.9 
28 1 00 .0 88.3 5670.0  1 2833.3 350.3 20000.0 1 078.3 
29 1 00 .0 1 1 5 .7 233 .3  7333.3 1 55 .7  1 8333.3 699.3 
30 1 00.0 99.0 333.3 8 1 66 .7  21 8 .7  1 7000.0  792.9 
3 1  1 33 .3 1 4 1 .3 233 .3  8499.9  252.3 1 7000.0 994.3 
32 1 00.0 89.7 1 66 .7  6666.7 234 .7  2 1 000.0  708.9 
33 66.7 94.0  200.0 7 1 66 .7  380.9 1 9333.3 689.7 
34 1 00.0 1 29.3 700.0 8833.3 449.7 1 8666.7 980.3 
35 66.7 1 05.3 200.0 8 1 66 .7  474 .7  26333.3 868 .7 
36 66.7 64 .0 530.0 7000.0  21 5 .9  20000.0 663.3 
37 1 00 .0 70. 1  1 30 .0 8000 .0 285.9 20333.3 784.7 
38 1 00.0 89.3 1 30 .0 8000.0 342. 7  20333.3 885.9 
39 1 00.0 1 28 .7 1 70 .0 8666.7 39 1 .7 24000.0 8 1 6 .3 
40 1 33 .3 77 .3 1 000.0 8333.3 332.3 2 1 666.7  860.3 
41 1 66.7 45.3 3099.9 1 2966.6 1 81 .3 29000.0  3297.3 
42 233.3 51 . 3  300.0 8233.3  1 34 .9  28333.3 3292. 7  
43 1 33.3 51 . 3  300.0 8000.0 38.3 23333.3 5000.0 
44 466.7  57.3 700.0 8333.3 1 95 .3 3 1 333.3 1 752. 3  
4 5  433 .3  62.3 2 1 33.3 8333.3 1 30 .9 30000.0  1 589.3 
46 466.7 58 .0 300.0  8399.9 286 .3  26666.7 5000.0 
47 433.3 73.0 233.3 9000.0  302. 3  27000.0 5000.0 
48 1 66.7 40.3 1 33 .3  8533.3 223.9 33666.7 1 1 81 .9 
49 1 33 .3 53.3 266 .7 8 1 33.3 1 59.7 30666.7  2089.3 
50 266.7 47 .7 1 66 .7  7899.9 257.7 36333.3 3401 .9 
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Table (4 . 1 6  : Metal Concentrations (mg/kg ash) at AI Wasal hospital 
Run No Cr  Cd Cu Zn Pb AI Fe 
1 0 .0  2 .0 333 .3 3400.0 1 86 .7  20000.0 1 046.9 
2 0 .0 4 .3 600.0 3833.3 229.9 23666.7 2531 .3 
3 0 .0  5 .3 8833 .3  7433 .3  2 1 5 .3  24000.0 3427.7 
4 0 .0 9 .0 333.3 4333 .3  1 42 .9 22333.3 1 81 4 .9 
5 0 .0 6 .3 533 . 3  3666.7 1 22.3 1 8666 .7  1 982.7 
6 0 .0 5 .0 4466.7  3333.3 1 05 .7  1 6333 .3  1 782.9 
7 0 .0 6 .3 366.7  4000.0 1 2 1 .7  1 8333.3 1 982.7 
8 0 .0 22 .0 1 33 .3  3333.3 1 61 . 9  1 1 666.7 1 31 8 .7  
9 333. 3 1 4 .7  333 .3  4833.3 454.9 22666.7 4906.3 
1 0  1 66 .7  1 7 .0 466.7  4333.3 605.7 25000.0 471 7 .3 
1 1  1 333.3 1 3 .0 333 .3  4666 .7  468.3 23333.3 44 1 3 .9 
1 2  200.0 1 4 .3  2499.9 5000.0 5.2 22666.7 1 538.3 
1 3  1 33 .3  5 .7  600.0  5066 .7 447.9 23333.3 1 780.3 
1 4  1 33 .3  4 .7  566. 7  5000.0 363.9  23666 .7  1 788.3 
1 5  200.0 4.0 500.0 5400.0 4 1 3 .9 23000.0 1 521 .7  
1 6  66.7 5 .0  2433 .3  5333.3 4 1 5 .3 25666.7 1 531 .3 
1 7  66.7 6.7 533 .3  4833.3 468 .7  22000.0  1 006.3 
1 8  33.3 2.0 1 333 .3 3 1 66.7 350 .3  1 5666 .7  1 677.7 
1 9  1 33 .3 4 .0 1 266.7 4333.3 538 .9  26000.0 1 677.7 
20 1 33 .3 1 .3 6499.9 4833.3 367.3 20333.3 2603.7 
21 1 66 .7  1 4 .7  500 .0  4 1 66 .7  686 .7  2 1 000.0 1 756.9 
22 233.3 4 .7  433.3 5000.0 892.3  25000.0 1 466.3 
23 200.0 4 .7  466 .7  5000.0 758.9  3 1 666.7 1 639.9 
24 233.3 4 .0 300.0 4833.3 703.9 28333.3 1 552.6 
25 1 00 .0  59.7 800.0 4666.7  436.7 25000.0 1 1 80 .9 
26 1 00.0 28 .0 3666.7  51 66.7 531 .3 32000.0 21 89.3 
27 1 33 .3  1 7.3  433.3 4333.3 446.7  23666.7 1 334.3 
28 1 00 .0 1 5 .7 1 6000.0 2666. 7  66.9 27666.7  1 0000.0 
29 1 66 .7  21 .3 24000.0 4500.0 497.9 26000.0 3236 .7 
30 66.7 24.0 433.3 5000.0 266.9 33333.3 3092.3  
3 1  1 66 .7  25.3 666.7  5333.3 434 .3  34333.3 2478.3 
32 66.7 1 9 .3 366. 7  3500.0 339.3 23000.0 1 902.7  
33 1 33 .3  2 1 .3 4266 .7  4000.0 456.3 24333.3 1 538.9 
34 1 00 .0  1 9 .0 466.7  3333 .3 286 .9  2 1 666.7 1 850.3 
35 1 66.7 0 .7 400.0 4933 .3  767.3 26666. 7  1 051 .9 
36 1 33 .3  0 .7  266.7 3233.3 393. 3  20666.7 737.3 
37 1 33 .3  0 .0 766.7  3233 .3 464.9 28000.0 1 1 37 .3 
38 1 66 .7  0 .3 533.3 3233 .3 482.3 2 1 666.7 1 1 85 .9  
39 233.3 0.3 8833.3 1 3099.9 550.3 1 9666.7 21 37.7 
40 1 66 .7  1 .0 333 .3  3933.3 735.9 23333. 3 731 . 9  
4 1  300.0 1 .0 733.3 3266 .7  285 .3  23000. 0  1 069.9 
42 1 00.0 0 .3 21 33.3 4333.3 700.7 24000.0 1 094 .7 
43 0.0 0.7 1 2766 .7  4633.3 424.9 28333.3 5000.0 
44 0.0 0 .3 1 5599.9 4099.9 566.9 24333.3 791 .3 
45 33.3 5 .7 1 399.9 5466.7  329.9 23000. 0  2568.9 
46 233 .3 8 .7 733.3 4 1 66 .7  331 .9 2 1 333.3 1 294.3  
47 66. 7  3 .7 933.3 3066.7  365.9 26000.0 5000.0 
48 1 66 .7 1 .7 833.3 3966.7 252.9 25666.7 956 .3  
49 1 66.7 4 .7 1 3 1 99 .9  5466.7  426.9 26333.3 1 1 80 .3 
50 200.0 1 0 .0 2366 .7  5300.0 436.6 27333.3 1 662.6 
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Table (4 . 1 7  : Metal Concentrations (mg/kg ash) at Tawam hospital 
Run No Cr Cd Cu Zn Pb AI Fe 
1 1 00.0 1 1 .0 1 66 .6 6666 .7  549 .9  1 1 333.3 6 12 .7  
2 0 .0 1 0 .3 266.7 4333 .3  537 .9 1 2333.3 787.7 
3 0.0 1 6 .3  333.3 3333.3 721 .9 1 1 666.7 720.7 
4 0.0 1 8 .3 366 .7  3666. 7  569.9 1 1 333 .3  636.9 
5 0 .0 1 6.7 1 66 .7  3333.3 525.9 1 4666.7  749.3 
6 0 .0  1 2 .7 333.3 3666 .7 782.3 1 7666.7  700 .7  
7 33.3 1 1 . 3 200 3000.0 436 .7  1 0000.0 547.3 
8 0 .0 1 5 .7 266.6 6000.0 564.9  1 1 333.3 650.7 
9 33.3 0.0 1 66 .7  21 66.7 379 .9  22666.7 440 .9  
1 0  66.7 1 1 .3 200 3333.3 635.9 1 3333.3 71 8 .7  
1 1  0 .0 6 .7  333.3 5333. 3  730.7 1 4333.3 907.3  
1 2  333.3 4.0 200.0 3333.3  51 3 .3 20666.7 687.7 
1 3  333.3 5.0 200.0 4000.0 91 8 .7 1 5000.0 806 .9  
1 4  66.7 1 .3 1 66 .7  3000.0 4 1 3 .7 1 2333.3 494 .9  
1 5  1 00 .0  4 .0 200 .0  5666.7 803.3 1 3666.7  839.3 
1 6  66.7 1 . 3 1 66.7 3333.3 571 .3  1 1 666.7 575.9 
1 7  66.7 1 .3 1 33 .3 3333 .3  652.7 1 3666.7 61 3 .7 
1 8  1 00.0 4.0 1 66 .7  3666.7 635.9 1 4333.3 626.9 
1 9  1 66.7 1 .3 1 66.7 3666 .7  973.3 1 7333.3 900.9 
20 200.0  1 . 7 233 .3 3666.7  691 . 7  1 6666.7  778 .9  
2 1  1 66 .7  0 .7  200.0 3666.7  594 .9  1 2666 .7  1 098.3 
22 200.0 1 . 7 1 66 .7  3000 .0  559.9 1 2666.7  1 01 1 .9 
23 1 33.3 0 .7 1 33 .3  2666.7  495 .9  1 0333.3 677.9 
24 200.0 0.3 200 .0  2000.0 373.9 1 0000 .0  850.3 
25 200.0 0.7 200.0 4000.0 581 .9  1 2666.7 1 378.3 
26 1 00.0 3 .0 1 00.0 2000.0 53 1 . 9 1 0666.7  293.3 
27 200.0 7 .7 600.0 4000.0 775.9 1 9000.0 6666.7 
28 66.6 4 .3  466 .7  4000.0 607.6 1 5333.3 1 703.9 
29 0 .0 3 .0 266.7 4333.3 432.3 1 2333 .3  1 764.9 
30 66.6 4.3 466 .7  4000.0 700.3  1 4666.7 1 633.7 
31 33.3 7 .7 233 .3  5666. 7  1 080.6 1 7666 . 7  944 .9  
32 0 .0 34.0 233.3 3333.3 690.7 1 6666.7  1 1 46.9 
33 0 .0  8 .3  333 .3  4333 .3 758.7 1 6333.3 1 386.3 
34 33.3 5.7 1 66 .7  3333.3 662 .7  1 4666.7 6 1 9 .7  
35  66.7 1 56.0 333.3 4666.7 768.7 1 7000.0 1 1 07.9 
36 66. 7  9 .3 233.3 5000.0 938.3 20000.0 1 206.7  
37 0.0 4.7 1 66.7 3666.7 730.9 1 4333.3 835.7 
38 0.0 6 .0 1 66.7 4000.0 761 . 7  1 6000.0 843.9 
39 0.0 3.0 700.0 7666.7 1 339.6 1 5000.0 4333.3 
40 0.0 2 .3 233.3 3333.3 597.3 1 4333.3 482.7 
41 66.7 7 .3  266.7 5000.0 1 077.3 20333.3 998 .9  
42 66.7 1 .0 233 .3  3666.7  582.7 1 4000.0 1 225.3 
43 33.3 6.0 1 66.7 3000.0  662.3  1 5666.7 1 049.3 
44 0 .0 1 .7 1 66.7 3333.3 567.7  1 3000.0 847.3  
45 33.3 7 .7 200.0  43333.3 585.3 1 5666.7 1 035.7 
46 33.3 2.0 233.3 4000.0 508.3 1 4333.3 906.7  
47 33.3 5.7 200 .0 3666.7  51 0.9 1 4000.0 1 309.7 
48 0.0 6 .0 1 66 .7  2666 .7  425.3 1 4333.3 947. 3  
49 0.0 2 .7 33 . 3  1 000.0 1 30.9 9666.7 1 663.3 
50 33.3 4.7 1 00 .0  2000.0 31 6 .3  1 5666.7 6 14 .3  
1 05 .  
Table (4. 1 8  : Metal Concentrations (mg/kg ash) at AI Jazira hospital 
Run No Cr Cd Cu Zn Pb AI Fe 
1 0 .0 7 .0 1 66 .7  5800.0 58.3 1 3000.0 523.9 
2 33 .3  1 3 . 3  33.3 7099.9 8 1 .7  1 1 666.7 746.7 
3 33.3 1 1 . 3 300.0 6300.0 1 1 1 .3 1 4000.0  622.9 
4 33.3 1 1 . 3 233.3 5233.3 86 .0  20333.3 663 .7 
5 0 .0 9 .0 200 .0  4233.3 60.7 1 9666.7 5 1 7 .3 
6 0 .0 1 1 . 3 266.7  5866. 7  83 .0 1 6000.0 747.3 
7 0 .0 7 .7  200.0 3900.0 73.0 1 3666 .7  637.7 
8 0 .0 1 4 .3 266.7 5866.7 79 .3  20333.3  685 .3 
9 0 .0  1 7 .7 266 .7  5000.0 85.0 1 6666.7 582.9 
1 0  0 .0 1 4 .3 366.7 6833.3 1 05 .0  20000.0 970.3 
1 1  0 .0 8 .7  566 .7  3600.0 77.7 1 4333.3 640.7 
1 2  0 .0 1 5 .7 500 .0  4900 .0 85 .7  1 7333.3 661 .3 
1 3  33.3 1 2 .7 33 .3 4833 .3  89.7 1 3000.0 669.7 
1 4  0.0 1 1 .0 233.3 5 1 66.7 94.7 1 4333 .3  480 .3 
1 5  0.0 9.0 200.0 2466.7 64.3 1 4000.0  4 1 8 .3 
1 6  0 .0  1 6 .0 233 .3  3 1 66.7 8 1 .7  1 7000.0 562.9 
1 7  0.0 1 8.7 533.3 2533.3 55 .7 1 8000.0 656.3 
1 8  33.3 1 9. 7  266.7 2900.0  1 1 2 .3  20000.0 652.7 
1 9  0 .0  1 8 .3 233.3  2233.3 99.3 1 4333 .3 61 9 .9 
20 66 .7  1 4 .3  400.0 2400.0 79 .3 1 3333.3 870 .7  
2 1  66.7 1 8 .3  266.7 2600.0  1 05 .3  1 2666.7 6666.7 
22 33.3 6.3 233. 3  1 866.7 5 1 .7 1 7000.0  586 .7 
23 0 .0  6 .0 200.0 1 633.3 77.7 1 4333 .3  570.3 
24 0 .0 1 3 .3  266 .7  3633.3 64 .3  1 3333 .3 709.9 
25 0 .0  22.7 233.3 3233.3  64.3 1 3000.0 571 .9 
26 0 .0 1 4 .0 233 .3  3300.0 69.0 1 5000.0 733.3 
27 66.7 1 7 .7  233 .3  4000.0 74.3 1 7333.3 1 1 40.9 
28 0.0 5 .3 1 66 .7  3833 .3  65 .0  1 9666.7 21 1 2 .7 
29 0.0 9 .0 233.3 3533.3 1 25 .7 1 4333.3 663 .7  
30 0 .0 1 7 .0 1 66 .7  2733.3 65 .3 1 3666 .7  540.7 
31  0 .0  4 .7  1 33 .3  2200.0 48.0 1 5666.7  5 1 1 .3 
32 33.3 1 6 .0  200.0  4 1 66 .7  1 05 .3 1 6666 .7  21 38.3 
33 0 .0 8 .0 1 33 .3 2533.3 1 09 .3 1 3333.3 524 .9  
34 33.3 1 0. 3  233.3 3500.0 1 3 1 .0 1 3000 .0 749.9 
35 66.7 1 5 .0  200.0  3533.3 82.0 1 7333.3 1 1 70 .3  
36 0 .0 1 4 .0  233.3 4000.0 69 .7 1 6666.7 849 .9  
37 0 .0  1 4.3 233 .3  3433.3  85.7 1 4333.3 81 8 .3 
38 0 .0  8 .0  1 66 .7  3833.3 7 1 .0  1 6333 .3  552.9 
39 0.0 1 4 .0  200.0 1 5466 .7  96.7 1 7666.7 76 1 .9 
40 0.0 1 1 .0 NO 2766.7  1 24.3 1 6666 .7  702.7  
4 1  0 .0  0 .7 233. 3  2333.3 1 1 0 .7 1 9000. 0  443 .3 
42 33.3 9 .3 233.3 2466.7 95.7 1 6333.3 4 1 6 .3  
43 0 .0 1 5 .3  600.0  2500.0 78.9 1 3333 .3  456 .3  
44 66.7 4 .7 266.7  3300.0 1 1 0.9 1 7333.3 975.7 
45 0 .0  1 9 .8 1 1 99.9 3300.0 96.7  1 5333 .3  443.9 
46 0 .0 1 2 .7 200.0 3000.0  1 01 .7 1 9333.3 652.9 
47 0.0 1 0 .3 466.7 3833 .3  1 1 3 .9  1 6666.7 972 .7  
48 0 .0 1 27 .3  333.3 4000.0  1 1 8.3  1 4666 .7  602.3 
49 0.0 33.3 1 66 .7  3300.0 1 02.7 1 7000.0  756 .3  
50  0 .0  3 .7  1 66 .7  1 366.6 58.9 1 6000.0  287.3 
N O  : Not Detected 
1 06. 
�able (4 . 1 9  : Summary of Metal concentrat ions in incinerator's ash (mg/kg ash) 
Metal Analysis (mg/kg ash) AI Qassimi AI Wasal Tawam AI Jazira 
Cr Mean 1 32.00 1 1 9 .30 70.00 1 2 .66 
Min .  0 .00 0 .00 0.00 0 .00 
Max. 466.70 333.30 333.30 66.70 
STDEV 1 22 .30 84.70 83.90 22.23 
Cd Mean 91 .88 9.43 9.25 1 4 .87 
Min .  37.30 0.00 0 .00 0 .70 
Max. 1 60.70 59.70 1 56 .00 1 27 .30 
STDEV 37.93 1 0 .68 22.04 1 7 . 1 6  
Cu Mean 461 . 00 2952.00 236.00 272. 1 0  
M in .  1 00 .00 1 33.00 33.30 33.30 
Max. 5670.00 24000.00 700 .00 1 1 99.90 
STDEV 905.00 5078.00 1 1 9.70 1 78.20 
Zn Mean 7907.00 4541 .00 3797.00 391 1 .00 
Min .  4000.00 2667.00 1 000.00 1 367.00 
Max. 26667.00 1 3 1 00.00 7667.00 1 5467.00 
STDEV 3 1 98.00 1 51 5 .00 1 1 96.00 2 1 27.00 
Pb Mean 257.80 409. 1 0  639.20 86.76 
Min .  38.30 5 .20 1 30 .90 48.00 
Max. 474 .70 892.30 1 339 .60 1 31 .00 
STDEV 97. 1 0  1 95 .50 208.80 20 .99 
AI Mean 2 1 4 1 3.00 23893.00 1 4500.00 1 5880.00 
Min .  1 2333.00 1 1 667.00 9667 .00 1 1 667 .00 
Max. 36333.00 34333.00 22667.00 20333.00 
STDEV 521 8 .00 421 6.00 291 3 .00 2340.00 
Fe Mean 1 67 1 .00 2 1 76 .00 1 088.00 840.00 
Min .  0.00 732.00 293.00 287.00 
Max. 5000.00 1 0000.00 6667.00 6667.00 
STDEV 1 274.00 1 603.00 998.00 907.00 
Table (4 .20) : Metal concentrations in  incinerator's ash (ppm at different hospitals 
Metal Regulatory level(ppm) * AI Qassimi  AI Wasal Tawam AI Jazira 
Cr 5 .0  0 . 1 98 0 . 1 79 0 . 1 05 0 .01 9 
Cd 1 .0 0 . 1 38 0 .01 4 0 .0 1 4  0 .023 
Cu SNA 6 .91 5 44.280 0 .354 0 .408 
Zn SNA 1 1 8.605 68 . 1 1 5  56.955 58.665 
Pb 5 .0  0 .387 6 . 1 50 9.600 0. 1 30 
AI SNA 321 2 .000 3584.000 2 1 75.000 2382.000 
Fe SNA 25.065 32.640 1 6 .320 1 2 .600 
SNA = Standard Not Avai lable 
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Table (4 .2 1 )  : Metal concentrations (%) in  incinerator's ash at different hospital� 
Metal AI Qassimi AI Wasal Tawam 
Cr 1 .30E-02 1 .20E-02 7.00E-03 
Cd 9.20E-03 9 .40E-04 9.30E-04 
Cu 4.60E-02 3.00E-01 2.40E-02 
Zn 7.90E-0 1 4 .50E-01 3 .80E-01 
Pb 2.60E-02 4 . 1 0E-02 6 .40E-02 
AI 2 . 1 4E+00 2 .39E+00 1 .45E+00 
Fe 1 .70E-01 2.20E-01 1 . 1 0E-01 
Total metal 3.22 3 .41  2.04 
Others 96.78 96 .59 97.96 
Total 1 00 1 00 1 00 
Table (4 .22) : Metals Physical Properties 
Metal M .P.oC * B.P.oC * 
!Al uminum 660 .0  2557.0 
Cadmium 320.9 765 .0  
Chromium 1 550.0 2475.0 
I ron 1 530.0 2735.0 
Lead 377.4 1 744.0  
Copper 1 083.0 2595.0 
Mercury -38.9 367.0 
N ickel 1 452.0 2730.0 
lZinc 4 1 9 .4  907.0 
* Melting and boi l i ng pOints at 1 .0 atm. 
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Table (4 .23)  Metals Cconcentrations in  Ash Aanalysis Compared 
with the Regulatory Standards (mglkg) 
1 1 3 
Metal  ReQulatoTY Levels(mg/kg) AI Qassimi AI Wasal Tawam AI Jazira HWBA .... 
Cr 1 000 1 32 1 1 9 70 1 3  5820 
Cd 30 92 9 9 1 5  91 8 
Cu 1 000 46 1 2952 236 272 1 070 
Zn 1 000 7907 4541 3797 391 1 38 1 0  
Pb I 1 000 258 409 639 87 340 
AI SNA 2 1 4 1 3 23893 1 4500 1 5880 37500 
Fe SNA 1 67 1  2 1 76 1 088 840 1 40000 
SNA = Standard Not Available 
* According to Dubai Local Order (6 1 /  9 1 )  Limits for the Disposal of Sludge 
(Dubai Municipality, 1 994) 
* *  Hazardous Waste Bottom Ash (HWBA); (Eighmy et aI . ,  1 993 ) .  
Table (4.24) : Correlation Data Between Various Metals at each Hospitals 
Correlation * AI Qassim i  AI Wasal Tawam AI Jazira 
Cr-Cd -0.024 -0 .008 1 -0. 1 04 -0 . 057 
Cr-Cu 0 . 1 39 -0. 1 03 -0.075 -0. 1 1 7  
Cr-Zn 0 .208 0 .467 -0.096 -0.062 
Cr-Pb -0.046 0 .263 0.059 0 . 1 76 
ICr-AI 0 .635 -0.04 0 . 1 29 -0.049 
{Cr-Fe 0. 558 0 .241 0 . 1 03 0 .437 
Cd-Cu -0 . 1 1 8  -0 . 009 0 . 1 6  0. 1 22 
Cd-Zn 0. 1 62 -0.097 0 . 1 48 0.035 
Cd-Pb 0.048 0. 1 97 0 . 1 1 8  0 .241 
Cd-AI -0 . 1 59 0. 1 36 0. 1 3  -0.076 
Cd-Fe -0. 1 4  -0 .049 -0.004 0 .01 8 
Cu-Zn 0 .309 -0.044 0.55 -0.089 
C u-Pb 0 .01 6 0 . 1 45 0. 535 0. 1 07 
ICu-AI 0 . 1 58 0 .396 0.235 0.039 
Cu-Fe 0.028 0 . 1 89 0.72 -0.049 
.zn-Pb 0 . 1 7 1 0 . 367 0 .692 0 . 1 1 9  
Zn-AI 0 .227 -0.2 1 3 0. 1 76 0. 1 4  
Zn-Fe -0 .024 0 .226 0.284 -0.033 
Pb-AI -0. 1 47 0.2 1 2  0 .455 0 .028 
Pb-Fe -0. 1 9  0 . 1 1 1  0 .324 0 . 1 58 
AI-Fe 0 . 382 0.033 0 .2 1 1 -0.086 
* Correlation coefficient is given in each case 
1 1 4 
This means that there is a relation between sources of metals in ash and the , 
reduction of the known one will probably reduce the other. For example the reduction 
of materials made of iron (i .e .  needles and surgical equipment made of stainless steel) 
will significantly reduce the concentrations chromium. Some correlations show a 
negati e relationship. 
The analysis of variance (ANOV A) conducted on chromium levels at the four 
facilities shows extremely significant difference (P = 0.0005), whereas the T -test done 
on chromium levels of AI Qassimi and AI Wasal hospitals shows insignificant 
difference (P = 0 .95)  in chromium concentration in ash analysis. The level P<0.05 was 
considered the cut-off value for significance. 
The ANOVA statistical analysis conducted on cadmium concentration shows 
an extremely significant difference (P = 0 .0005) between the four facilities. When AI 
Qassimi samples are excluded, the ANOV A test supports the hypothesis that the mean 
of cadmium concentration is equal, and the difference is not significant (P = 0. 1 85 )  
between the other three facilities. 
The ANOVA analysis shows an extremely significant difference in copper 
concentration (P = 0.0005) .  When AI Wasal samples are excluded, the ANOVA test 
results give an insignificant difference in copper concentrations (P = 0 . 1 26) for the 
other three facilities. 
The ANOV A test conducted on zinc concentrations in ash obtained from all 
hospitals shows an extremely significant d ifference (P = 0.0005 ) .  When AI Qassimi 
samples are excluded� insignificant d ifference was obtained (P=0 . 5 89) between zinc 
concentrations at the other three facilities. 
The ANOV A analysis shows an extremely significant difference in lead, Iron, 
and aluminum concentrations between the four facilities (P =0.0005) .  
The regression analyses between metal concentrations found for each facility 
did not yield any significant correlation when all data points were included. However, 
some significant correlations found for each facility, are stated in the following 
equations: 
1 1 5 . 
At AI Qassimi hospital the strongest correlation found was between iron and 
aluminum concentrations with chromium concentration, as illustrated in equation (4 .4) 
and equation (4. 5) .  
Fe = 904 + 5 8 1  Cr ( r = 0. 56 ) ---------------- Eq. ( 4 .4) 
and, 
AI = 1 78 3 5  + 27. 1 Cr (r = 0 .64) -----------------------------Eq . (4 . 5)  
At AI Wasal hospital a correlation was found between AI and Fe with various 
metals concentrations, as illustrated in equation (4.6) .  
AI = 1 7493 + 4 . 34  Cr + 78 .7  Cd+ 8 . 72 Pb + 0. 722 Fe (r = 0 .52)-----Eq. (4.6) 
and, 
Fe = 408 + 9 2 Cd + 0 . 1 1  Cu - 2 . 34  Pb + 0 .0969 AI (r = 0. 5 1 )----Eq . (4 . 7) 
At Tawam hospital the relationship found between metals in ash analyses was 
evident as stated in  equation (4 .6) and equation (4 . 7) :  
AI = 1 0204 + 3 .73 Cr  + 1 2 .2  Cd + 5 . 8 1  Pb  + 0 . 1 93 Fe (r = 0 .48), -------Eq. (4 .8 )  
Cu = 1 3 . 6 + 0 . 594 Cd + 0 .03 59 Zn + 0.0742 Fe (r = 0 . 8 1 )-----------Eq . (4.9) 
and, 
Zn = 1 1 6 1  + 2 . 34  Cd + 2 .46 Cu + 3 . 1 8  Pb (r = 0 .73 )------------------Eq. ( 4. 1 0) 
At AI Jazira hospital the only apparent correlation found was between Fe and 
Cr concentrations as illustrated in equation (4. 1 1 ) . 
Fe = 6 1 5  + 1 7 . 8 Cr (r = 0 .44)---------------------------------------Eq. (4 . 1 1 )  
1 1 6 
The low correlations found between Fe and Cr concentrations at AI Jazira 
hospital (r = 0 .43 7) and at Tawam hospital (0. 1 03 )  in comparison with the other two 
hospitals may be due to leaching of certain amounts of metal through the de-ashing 
(wet cleaning method) used in the first two hospitals, which in tum will lower the 
concentrations of chromium and iron. 
4.4.3 A i r  E mission 
Medical wastes incineration emission are primarily the acid gases generated 
when halogenated compounds are burned as well as the particulate. The dominate 
metals emissions from medical waste incinerator include arsenic, lead, cadmium, 
copper, nickel, mercury and chromium as reported by Lee et aI . ,  ( 1 99 1 ) . However 
chlorinated dioxins and furans in the flue gases were relatively high, as compared with 
emissions from hazardous or municipal waste incinerators. Meanwhile, the pollutants 
of concern in our study are the heavy metals concentration in air emission. An analysis 
of source test data from existing biomedical waste incinerator facilities in California for 
the quantification of heavy metals is shown in Table (4 .25 )  as reported by Glasser et 
al , ( 1 99 1 ) .  From that table it is evident that metals present in air emission as well as 
the bottom residue in any incinerator. I ron, lead, chromium and cadmium are all 
detected at high concentration. Mercury and nickel were detected in the air emission 
from those facilities as well as other metals (arsenic and magnesium), which mean that 
there could be a variability between countries due to the variation in medical services 
provided and the materials used during the treatment and diagnosis. 
4.5 Regu lations 
Most of the surveyed hospitals (86 %) are following their own guidelines and 
practices which are usually in unwritten form; as shown in Table (4 . 3 ) .  Meanwhile, 
other hospitals ( 1 4  %) are following their local municipal guidelines which are set 
mainly for the general refuse. However, none of those guidelines are comprehensive to 
include all waste management schemes. 




























1 . S9E+02 
Source : Glasser et a I . ,  ( 1 991 ) 
Cr Cr(+6) Fe Pb 
1 .79E+02 1 .44E+01 3.2SE+03 1 .46E+04 
1 .78E+01 NO S.01 E+02 3.91 E+03 
2.60E+01 3 .00E+OO 7.40E+02 S.67E+03 
4 .99E+01 NO 8 .09E+02 4.67E+03 
1 .83E+01 3 .26E-03 7.60E+01 4.04E+02 
2 .79E+01 1 .9SE+0 1  3 .09E+02 3 .89E+03 
1 .63E+01 ND 7 .32E+02 1 .26E+03 
1 .0 1 E+01 2 .7SE+00 1 .24E+03 S.01 E+03 
Mg Hg Ni  
1 .94E+02 4 .78E+02 6 .32E+01 
3.62E+01 NO N O  
S.28E+01 1 .9 1 E+OO 2 . 1 SE+01 
3 . 1 2E+01 NO 2 .71 E+01 
4 .71 E+OO S . 1 0E-0 1 S .49E+00 
2.01 E+01 NO 1 .79E+01 
1 .96E+01 ND 1 .69E+01 
1 .24E+01 1 .23E+04 1 .22E+01 
1 1 7 . 
1 1 8 . 
Some of the hospitals are trying to Issue a written procedure for the 
segregation of waste from the highly infected areas and waste generated in operation 
theaters. 
All the governmental cl inics surveyed have no management regulations for 
the ir infectious waste collection and disposal . They are following their municipal 
practices; which are in most cases unable to handJe the general refuse in an 
environmentally safe manner . 
There should be a cooperation between the Federal Environmental Agency and 
the Ministry of Health as a producer of such waste, and through their understanding of 
the hazard posed, and the potential risk to the public and environment from improper 
management of waste. So the process of medical waste management should be 
controlled from start to finish under the federal and local authorities . The regulations 
should include a formal definition of medical waste and its sources, and prevent any 
illegal release, disposal, or movement of waste except to an authorized person . In 
addition the regulation should describe the controlled waste, its quantity; nature ; and 
the process by which the waste has been subjected to prior to disposal . Although there 
is one method available for the treatment of clinical waste ( i .e . incineration), it is not 
provided for all the quantity of medical waste generated in the UA.E. However, this 
process has to be controlled for its emission and residue disposal. Various measures 
must be taken w hen operating a clinical waste incinerator such as : 
- Monitor emission limits. 
- Sample for micro-biological distruction . 
- record keeping . 
At present there are no Federal regulations comprehensively addressing all 
aspects of hazardous waste management, but the Federal Environmental Agency 
(PEA) is working with  foreign consultant company to draft the designed regulations 
for the wastes in general . 
Abu-Dhabi municipality has submitted to the higher authority a proposal of 
waste management for their approval. This proposal of "Environmental Protection 
1 1 9 .  
Regulations" include definition of the hazardous waste; where the clinical waste is 
categorized under (in schedule 2) (Abu Dhabi Municipality, 1 992). Also include an 
order for the clinical waste to be segregated and disposed of in accordance with 
procedure approved by the director· (point no 30, schedule 4). All sources of clinical 
waste had been identified as well and the maximum emission limits for air discharged 
resulted from combustion processes. Abu-Dhabi National Oil Company (ADNOC) has 
its own regulations and guidelines for handling of medical waste. Dubai municipality 
issued regulations and guidelines to deal with waste in general, and approved by the 
higher authority in the emirate. Also the local order No (6 1 1 1 99 1 )  had been issued by 
Dubai Municipality which addressed all the environmental regulations in the emirate of 
Dubai . In addition new technical guidelines were added to the local order in Dubai, in 
which the management of the medical and clinical waste will be covered under the 
main title " Hazardous Waste Disposal" .  This new law will consider all the clinical 
waste generated in Dubai by the private or public sectors. Dubai as well has an 
approved local order; order No. (33/ 1 992) and No. (26/ 1 992); for the disposal of the 
outdated pharmaceuticals and medicines for the first order; and for the disposal of 
hazardous waste resulted from the operative industries in Dubai or its dependencies, 
for the other one. These are guidelines to be followed for the disposal of such wastes 
at the Jebel Ali Industrial waste disposal site (JADS) or the recommended methods for 
their treatment and the action and fees required in case of not following those orders. 
In general, a meaningful regulatory framework has not yet been established for 
medical wastes to be implemented in the U.A.E.  Hopefully, the future will increase the 
awareness for the need of such regulations to protect the health of employee in the 
medical settings at first, the general public, and the environment; and increase co­
operation between federal and local agencies to come up with complementary 
regulations to be followed by all health inspections in  the U . A. E. 
F or all of the above stated situation in the U. A.E, there is a need for a uniform 




Law on the avoiding of waste and waste management 
Waste characterization law 
1 20. 
Technical instructions for the disposal chemical, physical, and biological 
transport, treatment and the final disposal system. treatment, incineration and final 
disposal of wastes, which require special monitoring. 
CHAPT E R  V 
CONCLUSIONS 
Based o n  the result o f  this study, the following conclusion can b e  made: 
1 2 1 . 
1 - Medical facilities vary in how their infectious waste is defined, handled, and 
treated . Waste handlers face an elevated risk of exposure due to regular contact with 
the waste stream. 
2- Quantities of waste ansmg from health care facilities in the UA.E vary 
between emirates. No accurate data is available on the current practices or statistics of 
medical waste quantities. Record keeping of waste quantities has not yet been 
established in many of the UA.E health facilities in the public or the private sectors. 
3- Waste generation rates from the hospitals surveyed ranged from 0 .0 1  to 2 . 7  
kglbed!day, while health care centers and clinics they ranged from 0 .03 t o  0. 1 8  
kglpaUday. 
4- The waste generation rates in hospitals are influenced by the following factors: 
a-the segregation schemes at that particular hospital, 
b-the medical services provided, and 
c-existence of internal guidelines. 
5- In general, there is  insufficient awareness of health hazards associated with 
contaminated or infectious waste especially in health care centers and clinics. Most 
employee are untrained and! or uneducated in the proper handling of medical wastes. 
6- Most waste generated from health care centers and clinics are combined with 
the municipal waste stream for disposal, which expose the workers involved in the 
collection of this waste to the hazard associated with the handling of infectious waste. 
7- No classification criteria is being applied for hospital wastes in the UA.E, and 
the only distinction that has been made is for the infectious and non infectious wastes. 
1 22 . 
8- In the design and operation of hospitals and clinics no attention has been paid 
to the waste management . For instance, in almost all hospitals the waste storage area is 
provided at the back yard in open unsecured place accessible to the general public. 
9- There is no specialized federal legislation regarding medical wastes 
implemented yet in the U .A .E  except in Dubai which started to implement its new 
regu lations of hazardous waste disposal that include the medical waste. 
1 0- No statistical infonnation is available in the U . A. E  regarding the number of 
injuries or incidents from the handling of medical waste. 
1 1 - Within the limitation of currently available methods; incineration and landfilling 
are the only available methods for the disposal of medical waste. Although incineration 
may contribute to air pollution, it is still the safest method of disposal medical waste in 
the U . A. E .  However, specific emission data for hospital incinerators is generally 
lacking. 
1 2- Ash can be classified as a hazardous waste based on by the metals it contains. 
Some of those are heavy metals classified as toxic, and hazardous elements by the local 
and international regulations; and may be present at high concentration, such as 
cadmium and zinc. 
1 3 - Heavy metals are present tn all hospital incineration residues at different 
concentrations, varying between facilities. The total metals percent detected in ash 
raged from 2 . 04 to 3 . 4 1  with the remaining being undetected metals and inert 
materials. 
1 4- The metal concentration in ash was found to be influenced by: 
-hospital segregation system 
-de-ashing mechanisms 
1 5- Some metals in the ash exceeded the regulatory limits, such as cadmium in AI 
Qassimi and copper in Al Wasal. While, zinc has reported a value above the regulatory 
limits at all hospitals .  Other metals examined in ash were below regulatory limits. 
However, safe handling and disposal of such residues is required to protect both the 
workers from inhalation of dust containing toxic metals and the general public from 
1 23 . 
being in contact with ash if disposed of in municipal landfill area. Moreover, heavy 
metals found in ash can render it hazardous by metal leaching characteristics which can 
result in groundwater contamination. As a result of these characteristics, there is 
significant concern over the long term liability associated with the landfill disposal of 
the incinerator ash 
CHAPT E R  V I  
R E COM M E N DATI ONS 
1 24 
The following recommendations are addressed In accordance with their 
importance: 
1 - There is a need for regulations for the management of wastes arising in health 
institutions. All health care facilities in the U A.E  should provide a uniform 
management scheme for disposal of their hazardous waste. The Federal Environmental 
Agency (FEA) should establish policies, guidelines, and regulations for the 
management of waste arising from health care facilities including all aspects from point 
of generation to point of final disposal, to be implemented in the U A.E, so as to 
prevent the human and the environmental hazards. The Ministry of Health should be 
responsible for formulating relevant strategies pertaining to various health activities as 
well as supervising the implementation. Therefore, efforts should be coordinated to 
develop an integrated, environmentally sound, and cost effective program to handle the 
real problem facing health care facilities in the disposal of their hazardous waste. The 
regulations and policies for waste management should include: 
-definition of health care waste which requires treatment, 
-categories of waste, 
sources, 
quantities of waste, 
handling practices, and 
-the disposal method for each category. 
2- Legislation on health care waste management should be restricted to the basic 
principles, and the policies to be adopted which must be practical, taking into 
1 2 5 .  
consideration local conditions financial implications, and current levels o f  technical 
knowledge 
3- Hospitals should adopt the proper classification of waste i llustrated by the HSC 
( 1 992) report . Also the requirements of the guidance on the collection, handling and 
storage of the medical waste given by the HSC ( 1 992), the u.K.  Dept . of the 
Environment ( 1 987) and the CC� ( 1 992); should be followed. 
4- Waste handling and destruction should be taken into consideration from the 
first stage in the planning and implementation process for a new hospital, by searching 
for the real issues regarding medical wastes and putting in perspective the risk 
associated with treating or not treating this waste. 
5- Hazardous waste arising from health care establishments should be  dealt with 
as a part of an overall hazardous waste management system. 
6- The system suggested for waste management should involve the minimization 
of risk to health and the environment at all stages. Basic approaches to waste 
management should include reduction of waste quantities at the source as practicable 
and adaptation of waste recycling methods whenever feasible. 
7 - capabilities and performance of various health care waste treatment and 
disposal techniques should be exchanged between faci l ities. 
8- The existing waste disposal method should be used whenever they are 
acceptable with regard to health and environmental considerations. Where incineration 
is the preferred method of disposing most types of waste; it should be operated under 
controlled conditions. 
9- Incineration facilities for the destruction of clinical waste should be proposed 
and established for all health care waste generated in the U . A. E .  A single centralized 
incinerator facility is recommended, at least one for each city or adjacent cities; in 
order to lower cost of disposal, optimize maintenance of equipment, use of skilled 
personnel, and for the ease of supervision and control of emission from one source, 
which will be more economic. In such situations a standard transportation policy 
1 26. 
should be implemented in order to protect personnel responsible for the collection and 
transportation of medical waste. 
1 0- Incinerators should be located away from residential and highly populated 
areas in order to eliminate the impact of emissions on hospital patients and personnel . 
1 1 - The risk of toxic discharge can be minimized with the installation of air 
pollution control equipment 
1 2- Incinerator's residue (ash) may contains toxic heavy metals and must be 
handled and disposed off in a responsible manner. The operative should not come into 
contact with the ash. Occupational exposure to ash which can be inhaled or ingested 
from contaminated hands can result in high risk. Therefore, ashes should be treated as 
hazardous waste, and should not in any circumstance find their way into ordinary 
domestic landfill sites. 
1 3 - The ash should be cleaned up using vacuum cleaner equipped with filter. Dry 
sweeping of ash should be permitted. Automatic feeding and de-ashing is also 
recommended for incinerators. 
1 4- More efforts should be paid for the separation of metals in the waste stream 
which is the source of problems. Proper segregation of waste destined for incineration, 
and the adoption of reuse/recycling program of materials, such as: scrap metal, 
batteries, etc. ; will consequently reduce the amount of waste requiring incineration in 
general and metal concentration in particular .  
1 5 - The adoption of an alternative disposal method for sharps which are the 
sources of iron and chromium, such as by disinfection followed by solidification and 
landfill may reduce the concentration of those two elements to a negligible levels. 
1 6- Ash should receive further treatment ( such as stabilization or precipitation) 
prior to disposal. 
1 7  - There is a need for further studies regarding the detection of heavy metals in 
groundwater below landfill sites, where the ash is disposed of. 
1 8- There is a need for further investigations on the problem associated with air 
emission from incinerators to be compared with the regulatory limits .  
1 27. 
1 9- Ash from incinerator should be guaranteed sterile. Monitoring should be 
performed on ash effluent and air emission through adequate sampling procedures. 
Detection of microorganisms using biological indicators should be conducted yearly. 
20- Drivers involved in the transportation of medical waste should have a license 
for packaging and transporting this kind of waste. The truck used for transporting the 
waste should have enclosed body well designed against highway accidents, and secure 
enough so that both the driver and the outside environment are protected from 
contact with such waste. 
2 1 - Dumping of medical wastes in municipal landfills is acceptable only if the area 
is under control and supervision of qualified personnel with knowledge in the type of 
waste and the safest methods for site operation and disposal system. Landfill areas 
should be fenced to prevent scavengers coming into contact with medical waste. 
2 ..... - Energy content in the flue gas from incinerators can be recovered in a heat 
exchanger to produce steam or hot water. 
23 - Radioactive waste generated in some of health premises in the U .A. E, even if 
they are small quantities with low level radioactivity; should be paid more attention. 
24- Educational! training program must be established for all personnel involved in 
waste handling. Also immunization program against hepatitis B virus and tetanus 
should be provided for all personnel involved in the handling of waste. 
25- Investigations and studies should be done on the number of injuries and disease 
associated with waste handling practices. 
26- There is now new approaches in USA for the recycling of ash with the Vortec 
combustion and melting system (eMS) with the addition of glass former or glass 
modifiers; the ashes can be melted at reasonable temperatures. The glass products 
produced are homogeneous, can be used for roads and building construction 
applications (Rnat et aI . ,  1 993) .  
1 28 .  
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APPENDIXES 
Appendix (A) : Q uestionnai re on Med ica l  Waste Management 
Appendix (8 )  : N H S  Performance Specification 




Hospita l  Waste Management 




Estimation of medical waste 
No. of beds.-----




Existence oflegislation for handling and management of hospital 
waste: -
a. Government guidelines: 
b. Internal guidelines: 
4- Waste segregation, handling, and treatment : 









5 - Method of  final disposal. 
6- With regard to incineration for waste disposal, 
a.  Do you have air pollution control equipment 
b .  If  yes, what type? 
7 - Do you have any problem in handling and disposing your clinical waste, 
explain? 
NHS PERFORMANCE SPECIFICATION 
BLACK HOUS EHOLD WAS TE  SACKS 
MEDIUM DUTY CLINICAL WAS TE SACKS 
HE.A VY DUTY CLINICAL W]i, STE SACKS 
pec i f i ca t ion for plas t i c  was t e  s acks cover i ng b l a c k  hous ehold 
a s t e  bags , y e l low c l i n i c a l  was t e  bags ( me d i um and h e a v y  d u ty ) . 
POREWORD 
�ugge s t ions  l e ad i ng to the  improvemen t  o f  t h i s  spec i f i ca t i on are 
n v i t e d  and s hould be add r e s s ed to 
NHS S up l i e s  
C e n t r a l  D i v i s i on 
we s t  Way 
C o t e s  Park I ndus t r i a l  E s t a te 
Al f r e ton 
D e rb y s h i r e  DE 5 5  4 QJ 
t a n d a rd publ i c a t ions re f e r red to : 
B S  3 8 1  C S t andard for colour ide n t i f i c a t ion a n d  s pe c i al 
p u r po s e s  
B S  5 7 5 0  S tandard for man� f a c t u re and i n s tal l a t i on 
B S  2 7 8 2  M e thod for Tes t i ng o f  P l a s t i c s 
H e a l t h  and S a f e t y Comm i s s ion S a f e  D i s posal o f  C l i n i cal  
Was t e  1 9 9 2  
( 1 ) @ NHS S u pp l i e s  1 9 9 3  
SECT I ON ONE - GENERAL 
1 )  S cope 
i )  Th i s  s pe c i f i c a t ion d e t a i l s  the  requ i r emen t s  for a 
range o f  pl a s t i c  was t e  s acks for  u s e  by the NBS . Also 
i n c luded are  the  packag i ng ,  s ampl ing and qual i t y 
a s s u r ance requ i remen t s . 
2 )  Re f e r e n c e s  
T h e  t i t l e s  o f  t h e  s t andard publ i c a t i ons r e f e r red t o  i n  t h i s  
s p e c i f i ca t i on are  l i s t ed i n  the  for eword . 
( 2 ) � NHS Suppl i e s  1 9 9 3  
S E CT I ON TWO - S PECI F I CATION FOR PLAS T I C  
BAGS 
1 )  C l a s s i f i ca t i on 
For i d en t i f i c a t ion pu rpos e s  the range o f  i tems are detai led 
in Tab l e  1 .  
Tab l e  1 
I tem Descr lpt:l.cmi ·,:: t· · + '·::· · · .: :;:�.t : :. ..
. 
,"':;:.;.- .. ··::sii�r (�i'A;::}j:�i:::1:it: .},;s11i�:t=�llf;;t�1;;;�i:jW§f$;f. 
1 Black household was t e  1 5 / 2 8  x 3 9  3 8 1 / 7 1 1 x9 9 0  
2 B l ack hou s e hold was t e  1 6 / 2 5  x 3 9  4 0 6 / 6 3 5 x9 9 0  
3 B l ac k  household was t e  1 5 / 2 5  x 3 6  3 8 1 / 6 3 5 x9 1 4 
4 B l ac k  hous e hold was t e  1 1  x l  7 x 2 6  2 7 9 / 4 3 2x 6 6 0  
5 B l a c k  household was t e  1 4 / 2 2  x 2 5  3 5 5 / 5 5 9 x 6 3 5 
6 Ye l low c l i ni cal wa s te ( MD )  1 5 / 2 8  x 3 9  3 8 1 / 7 1 1 x 9 9 0  
7 Y e l l ow c l i n i cal  was t e ( MD )  1 6 / 2 5  x 3 9  4 0 6 / 6 3 5  x 9 9 0  
8 Y e l low c l i n i cal was te ( MD )  1 5 / 2 5  x 3 6  3 8 1 / 6 3 5  x 9 1 4 
9 Y e l low c l i n i c a l  was te ( MD )  1 1  / 1 7 x 2 6  2 7 9 / 4 3 2  x 6 6 0  
1 0  Y e l l ow c l i n i cal was te ( MD )  1 4 / 2 2  x 2 5  3 5 5 / 5 5 9  x 6 3 5  
1 1 Y e l l ow c l i n i cal  wa s t e ( HD )  1 5 / 2 8  x 3 9  3 8 1 / 7 1 1 x 9 9 0  
1 2 Y e l low c l i n i c al was t e ( HD )  1 6 / 2 5  x 3 6  4 0 6 / 6 3 5  x 9 1 4 
1 3 Y e l l ow c l i n i c a l  wa s t e ( HD )  1 1  / 1 7  x 2 6  2 7 9 / 4 3 2  x 6 6 0  
1 4 Y e l low c l i n i cal was t e ( HD )  1 4 / 2 2  x 2 5  3 5 5 / 5 5 9 x 6 3 5  
2 ) I t em Mark i ng 
Each i t e m  w i l l  be marked w i t h  the  fol low i ng d e ta i l s  . . 
i ) B l ac k  S acks - NHS PROPERTY - HOUSEHOLD WASTE 
i i ) Y e l low Sacks - NHS P RO P E RTY - CL I N ICAL WASTE FOR 
I NC I NERAT I ON ONLY - MED I UM DUTY 
i i i ) Y e l l o w  S a c k s  - NHS PROPERTY - C L I N I CAL WASTE FOR 
INC INERAT I ON ONLY - HEAVY DUTY 
Bo t h  y e l l ow bags w i l l  i ncorpo r a t e  a pane l  o f  A 4  s i z e ,  
s p e c i f i c  i n s t ruc t i on s  regard i ng t y pe s  o f  was t e  to be 
d i s po s ed o f  i n  the bag s h a l l  be p r i n ted on the  panel ( exac t 
word i ng t o  be agreed ) . 
( 3 ) @ NHS S uppl i e s  1 9 9 3  
' . .  
3 )  P e r forma nce Requ i remen t s  
P a r t i c u l a r  a t ten t i on should b e  pa i d  to performance , � s i z e ,  
m i c ron t h i cknes s  and opa c i  ty . Per formance s hould be i n  
accordance w i t h Ta b l e s  2 ,  3 and 4 .  
Tab l e  2 
3 0  M i c ron Norma l Household Was �e 
Spe c i f i ca t i on 
1 M i n i mum s po t  t h i ckne s s ( Mu )  2 5  
2 M i n i mum average t h i c kn es s ( Mu )  2 8  
3 Impac t s t rength F 5 0 ( g )  1 3 0 
M O  TO 
4 Ul t im a t e  Tens i l e  S tr e n g t h ( MP a ) 3 0  2 5  
5 U l t i m a t e  Elonga t ion ( % ) 4 5 0  6 5 0  
6 Tear Res i s tance ( N / mm )  1 0 0 2 0 0  
7 We ld S trength ( s ee n o t e s  o n  t e s t  me t hods v i i )  
8 D i mens i ons Leng t h  - 2 %  l im i t ,  
no upper l imi t 
W i d t h  a t  weld + / - 2 %  
l im i t 
Open w i d t h  a t  top + 
2 . 5 % - 1 . 5 % l i mi t s  
A l l  v a l ue s  a r e  m i n imums 
( 4 ) � NHS S uppl i e s  1 9 9 3  
Tabl e 3 
4 0  M i c ron Cl i n i c a l  Was te Med i um Du t y  
Spec i f i c a t ion 
-
1 M i n i mum s po t  t h i cknees s ( Mu )  3 5  
2 M i n i mum ave rage t h i ckne s s ( Mu )  3 8  
3 Impa c t  s t reng th F S O  ( g ) 1 6 0 
MD TD 
4 U l t i ma t e  Tens i l e S trength ( MPa ) 3 0  2 5  
5 U l t ima t e  E l onga t ion ( 5 ) 5 0 0  7 0 0  
6 Tear r e s i s tance ( N / mm ) 1 0 0 2 8 0  
1 W e l d  s t re n g t h  ( s ee no t e s  on tes t  me thod s v i i ) 
8 Opac i t y 4 0 %  
9 D i mens ions Leng t h  - 2 %  l im i t ,  no 
upper l im i t  
W i d t h  a t  weld + / - 2 %  
l im i t  
Open w i d th a t  top + 
2 . 5 % - 1 . 5 % l i mi t s  
A l l  v a l u e s  a r e  m i n i mums 
Tab l e  4 
7 5  M i c ron C l i n i c a l  Was t e  Heavy Du t y  
Spec i f i ca t i on 
1 M i n i mum spot t h i ckne s s  ( Mu )  6 5  
2 M i n i mum average t h i ckne s s  ( Mu )  7 1  
3 I mpac t S treng t h  F 5 0  ( g )  3 3 0  
MD TD 
4 U l t i ma t e  Ten s i l e S t reng t h { MPa ) 3 0  2 5  
5 U l t i m a t e  Elongat i on ( % ) 5 5 0  7 5 0  
6 T e a r  r e s i s t ance ( N / mm )  1 0 0 2 0 0  
7 W e l d  s treng t h  ( S ee no t e s  o n  t e s t methods v i i ) 
8 Opac i t y 4 0 %  
9 D i men s i ons Leng t h  - 2 %  l i m i t 
W i d t h  a t  weld + /
- 2 %  
l im i t 
Open w i d t h a t  top + 
2 . 5 % - 1 . 5 % l imi ts 
A l l  v a l u e s  are m i n imums 
( 5 ) ® NHS Suppl l. e s  1 993 
NOTES ON TEST METHODS 
i )  M i n i mum a nd average th i ckness  
A m i n i m um o f  6 0  ind i v i d u a l  measuremen t s  are made around the 
c i rcum f e rence o f  the bag and the m i n imum and ave rage are 
recorded . 
The m i c rome t e r  has a c i ruclar anv i J  o f  d i ame ter 8 mm and a 
c lo s i ng forc e o f  8 n ewtons . 
i i ) Impa c t  S t rengt h 
M e a s u r e d  i n  BS 2 7 8 2  P a r t  3 Me thods 3 5 20 : 1 9 7 9  and res u l t s  
a r e  quo t ed a s  a F 5 0  v a l ue i e : l ad a t  w h i c h  5 0 %  of  sample 
p a s s  and 5 0 %  s amples f a i l . 
i i i / i v )  
Tens i l e  S t rength/Elonga t i on 
M e a s ur e d  a ccord i ng to BS 2 7 8 2  Part  3 Me thod 3 2 6C . 
v )  Tear R e s i s tance 
M e a s u red to BS 2 7 8 2  Me thod 3 6 0 B  Trouser Tear Method 
v � ) W e l d  S t r e ngt h 
a )  t h e  w e l d  a t  the base  should act  as  a comp lete s e a l  
aga i n s t  l i q u i ds 
b )  t h e  w e l d  s t reng t h  when t e s t ed shal l g i ve values o f  not 
l e s s  than 8 0 %  of those g i ven above for tens i l e  
s t re ng t h , tables  2 ,  3 and 4 
c )  a l l  w e l d s  mus t be con t i nuous 
d )  t h e  s t reng th o f  the  s e a l  w i l l  be d e t e rm i ned by the 
m e t hod d e s c r i bed in BS 2 7 8 2  : Part 3 Me thod 3 2 6C 
4 )  Colour and Opac i ty 
Y e l l ow c l i n i c a l  was t e  bags are u s ed by Heal t h  Au thor i t i e s  
for t h e  d i s po s a l  o f  c l i n i c a l  was te . T h e  colour requ i red i s  
t h a t  s p ec i f i ed i n  B r i t i s h S t andard 3 8 1 C  : 1 9 8 8  ref erence no 
3 0 9  Canary Y e l l ow ( a l so see  s amples and tes t i ng 
requ i re me n t s ) .  
The d e g r e e  o f  opac i t y to be meas ured us ing EEL opac ime ter 
or e qu i va l en t . 
( 6 ) � NHS Supp l i es 1 9 9 3  
5 )  Y i e l d  Tol e r ance 
The a c t u a l  we ight per 1 , 0 0 0  of each i t em s h a l l  be as s t ated 
i n  the p r i c e  sc hedul e .  W e i g h t  w i l l  be c a l c u l a t e d  us i ng the 
f o l low i ng c a l cu l a t ion . 
Th i ckne s s  bag ( mm )  x length ( mm )  x w i d t h  ( mm )  x 0 . 0 0 1 8 5  = 
w t  kg ( 1 0 0 0  bags ) 
eg : . 0 4 = 4 0  nun x 9 9 0  x 7 1 1 x 0 . 0 0 1 8 5 = 5 2  k i los 
6 )  Ma t e r i a l s  
A l l  pol y thene f i lm i s  t o  b e  manu fac tured f rom v i rg i n  
m a t e r i a l s  u n l e s s  otherw i s e  s pe c i f i ed and agreed . 
7 )  Qua l i  ty 
Con f o rm an c e  w i t h  a l l  aspe c t s  o f  the s pec i f i ca t i on i s  o f  
p a r amou n t  i mpor tance . 
I t  i s  t h e  respons i b i l i t y o f  the con t rac tor to operate  a 
q u a l i t y a s s urance s y s tem w h i c h  w i l l  ens ure that i tems 
man u f ac t ured for the NHS Supp l i e s  Au thor i t y f u l l y  compl y  
w i t h  t h e  s pec i f i c a t i on throughou t t h e  p e r i od o f  t h e  
c o n  t rac t . The e l emen ts  o f  the qua l i  t y  a s s u rance s y s tem 
s h a l l  b e  those d e f i ned b y  BS 5 7 5 0  Part  I I . 
T h e  con t rac tor s ha l l  prov i d e  a Cer t i f i c a t e  o f  Con form i ty 
w i  t h  e a c h  i nd i v idual con s i gnme n t .  The contrac tor s ha l l  
a l s o  e n s u r e  that each s l eeve i s  batch trackable to i nc l ud e  
d a  t e , t ime and mach i n e  o n  wh i c h  the  produc t was 
man u f ac t u red ( s ee also pac kag i ng and labe l l i ng ) .  
( 7 ) � NHS S uppl ies 1 9 9 3  
S ECT I ON THREE - SPEC I F I CATION FOR 
PACKA G I NG AND LABELL I NG 
1 )  Packagi ng 
The contrac tor s h a l l  supply the i t ems packed to a s tandard 
of h i s  own choi ce , prov ided i t  i s  con s i d e red s u i tab l e  by 
t h e  Autho r i t y and sha l l  be s u f � i c i e n t · to ensure the 
a r t i c l e s  a r r i ve a t  the i r  des t i na t ions in an undamaged and 
s e rv i cable cond i t i on , ( w i t hou t c au s i ng i n j ur y  to the  
h a nd l e r ) . Full  de t a i l s  o f  the me t hods tog e ther w i th 
s am p l e s  o f  the  mat e r i a l s  p roposed to be u s ed mus t  be 
s u bm i t ted at the t i me o f  t ende r i ng . 
A l l  packag i ng mat e r i a l s  mus t  be non - r e turnable and the cos t 
s ho u ld be i nc luded i n  the  p r i c e  quoted . 
2 )  Labe l l i ng 
The bags are  to be packed i n  secure boxes . Each pack mus t 
be c l e a r l y  l abel led to s how con t e n t s  as f o l lows : 
Ou t e r  : 
I n n e r  
I t em des c r i p t ion 
Colour 
D i mens i ons 
M i c ron th ic k n e s s  
Quan t i t y  We igh t per  box 
S uppl i e r s  name 
Batch numbe r ( s e e  qual i t y )  
NSV Code ( s ee tender docume n t s ) 
Desc r i p t ion - 1 0 0 ,  y e l low c l i n i ca l  w a s t e  bags 
1 5 / 2 8 x 39 - 4 0  m i cron , l i ne r  low 
dens i ty 
To be packed i n  f l a t  pack ( f p )  i n  the  fol low iong uni t s  
1 x 1 0 0 
1 x 5 0  
1 x 2 5  
( 8 ) � NHS S uppl i e s  1 9 9 3  
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